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PREFACE. 



The contentB of the following pages have been com- 
piled from the many soaroes of information, chiefly 
GoTerament Reports and Parliamentary Papers, which 
are mentioned in the foot-notes. In some oases the 
descriptions have been taken verbatim from the an- 
thorities named. The author is indebted to the 
courtesy of the officials at the India Office for access 
to many of the records quoted. 

There exists at present no book, which gives any 
comprehensive account of the Irrigation Works of 
India. The author often found, in India, the greatest 
difficulty in obtaining any information concerning any 
other irrigation works than those on which he was 
employed ; and he has often heard the wildest state- 
ments made, as to the profits or losses accruing to 
the Government on irrigation works, by men whose 
opinion carried some weight. He hopes, then, that 
to bis brother officers of the Irrigation Departmenti 



and, perhaps, to others, this brief account of the 
Irrigation Works of India will be acceptable. That 
it is imperfect, and, perhaps, not perfectly accurate in 
some details, he is well aware ; but he believes that 
he has consulted the best soiirces of information 
available, and that the description of the works is as 
accurate as it oan be made without local investi- 
gations. 



B. B. B. 



LoiTDoir, 

August 24fA, 1880. 
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THB 

IRRIGATION WORKS OP INDIA 



AND THEIB 



FINANCIAL RESULTS. 



OHAPTEE I. 



IHTRODUOnON. 



Conunencemeiit of Public Worts. — Guaranteed Companies. — Irri- 
gation Worka constmcted ou Loan. — Scbemes of 1868 to 1871. 
— ^Ezpenditore on Irrigation Works and Bailwaye. — Gla8sifica< 
tioa o£ Woifca. — BadnfaH 

Fbbvious to 1854 all public works, except railways, 
which were executed in India were carried on by the 
Engineer Department of the Army under the super- 
iutendence of a militai^ board. The expenditure 
incurred was treated as *' ordinary,** and was charged 
against the revenue of the year ; no capital or revenue 
accounts of the works were kept. For this reason it 
is difiBcult, almost impossible, in the case of the older 
works, to find out their actual financial position. It 
was under this system that a portion of the Ganges 
canal (commenced 1847), the West Jumna canal 
(1817), and the works of the Oauvery (1834), the 

1 



2 THH lEElQATION W0EK8 OF INDU 

Godaveri (1844), and Kietna (1852) deltas were com- 
menoed. The system of charging the cost of large 
"reproductive" works against yearly revenue was 
soon recognised as a false one, and it was decided 
that only such works were to be charged against 
yearly revenue as came under the following defini- 
tion': — 

Those relating to the maintenance and erection 
of civil and military buildings, the repair and 
construction of roads, and the other multi- 
farious works necessary for the smooth and 
effective working of the administration of a 
great empire. 
While works which were of public utility, such as 
railways, canals, and harbours, and which were calcu- 
lated to increase the wealth and promote the pro- 
sperity of the country, were to be constructed from 
borrowed funds and treated as commercial under- 
takings. Of these latter works proper capital and 
revenue accounts were to be kept. 

In 1846 the (Jovernment had commenced the con- 
struction of railways under what is known as the 
guarantee system. Under this system the Govern- 
ment guaranteed 5 per cent, on the capital expendi- 
ture of those companies which undertook the con- 
struction of railways. The Government retained 
considerable command over the operations of the 



* Beport of Select Oommittee on Bidia Fablio Works, 1679, 
p. iii. 
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oompaniea ; thej controlled the routes, and no ex- 
penditure wAB undertaken until Bonctioned by the 
Gorernment offioers. The companies raised the 
money required for the works; the interest on it 
was payable as soon as the money was raised, 
althoi^h it might not have been spent. This policy 
of guaranteed companies was eventually found to be 
anything but an eoonomioal one, and was abandoned 
in 1867, but it was in full play in 1858, when great 
pressure* was brought upon the Government of 
India to promote irrigattoa by the same indirect 
agency as that by which they were then extending 
railway communication, the Madras Irrigation Com- 
pany was formed, with a Government guarantee of 
5 per cent, upon a capital of one million pounds ; and 
a few years after another private company (the East 
India Irrigation Company) undertook, without a 
guarantee, the construction of a system of irrigation 
canals in Oriasa. Both these experiments have proved 
costly failures to the State. But about 1863 the 
status of guaranteed companies was so far assured, 
and the East India Irrigation Company seemed to 
consider themselves so certain of success, that a pro- 
posal was actually madef by the secretary of that 
company in 1863 or 1864i to purchase the works of 
the Ganges canal from the Gorernment for one and a 



* Beport of Select Oomiuittee on India Pnblio Works, 1879, 

p.Tl. 

t Copies of Despatches ordered to be printed b; the House of 
Oommons, 6th March 186?. 

1 • 
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4 THE IBBIGATION W0BE6 OF IKDU 

half millionB sterling. It was proposed that all return^ 
up to 25 per cent, on the capitfd were to be retained 
by the company, any eurplua beyond that was to be 
divided between the Company and the Government. 

The arrangement between the Secretary of State 
and the Orissa or East India Irrigation Company 
soon became so involved, that it was considered 
advisable to terminate the contriict by the purchase 
of the works of the company at a price much above 
their market value. This sale was effected at a time 
when the company was practically bankrupt. The 
Madras Irrigation Company, since its formation, has 
succeeded for one year only in meeting its working 
expenses. These two companies were the only ones 
connected with irrigation works in India. The Ma- 
dras Company still continues to carry on its works 
under the Government guarantee. The East India 
Irrigation Company was purchased by the Govern- 
ment in 1867, at which date the Government had de- 
cided that both railway and irrigation works should 
be constructed directly by their own agency, which 
they considered to be more economical and more 
easily controlled than the guarantee system. 

Shortly before this decision was reached, the Go- 
vernment of India, in a despatch dated the 15th of 
March 1866 to the Secretary of State, pointed out that 
what the Government desired was a permanent and per- 
sistent effort to carry out gradually a large extension 
of irrigation works. They desired to raise loans to be 
devoted exclusively to this purpose, for they feared that 
unless the principle of steady progress was definitely ac- 
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cepted, it would never be found financially convenient*, 
to carry on works from beginning to end with proper 
vigour. The effect of depending from time to time upon 
the fluctuations of the money market would be the same 
as that of depending on occasional years of surplus 
revenue. In times of pressure the progress of works 
would be starved, and in times of financial prosperity 
attempts would be made to push forward without 
experienced establishments or matured arrangements. 
In reply to this despatch the Secretary of State 
(No. 200, dated 23rd August 1866) expressed his 
willingness to sanction the raising of any loans neces* 
sary to construct reproductive irrigation works, the 
estimates of which had been thoroughly matured, and 
of which reasonable expectation was maintained that 
they would prove remunerative. In consequence of 
this, great activity prevailed in the Irrigation Depart- 
ment during 1867-68-69. Many schemes were pro- 
posed and surveyed, and the stafi of engineers was 
largely increased. ' In 1869 the Government of Indiaf 
reported to the Secretary of State that they had re- 
ceived such information as enabled them to form a 
good approximate estimate of the probable outlay 
required dm-ing the next ten years. Schemes esti- 
mated to cost thirty millions sterling were roughed 
out, and the Government of India proposed to spend 



* Oop7 of Despatches ordered to be printed hj the House of 
Commona, 6th March 1666. 

t Copies of Correspondence ordered bj the House of Commons 
to be printed 27tb Jolj 1870. 
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6 THE IBBIOATION WOBEB OF INDIA 

one million six hundred and fifty thousand pounds in 
1869-70, two and a half miUions in 1870-71, three 
millions in 1871-72, and after that four millions a 
year on irrigation works. 

The schemes proposed included* extensions and 
improvements of the Great Madras "Works, new works 
and extensions in Bombay, large pa>ennial canals in 
Sind to replace the many inundation canals there* 
extensions and improvements on the west bank of the 
Indus, modifioations and extensions of the Baree Doab 
canal, the Sirhind canal, provision for the irrigation 
of the whole of the eastern part of the Punjab as far 
as the Bavee, a new canal from the Jumna a little 
below Delhi, a great system of canals to irrigate the 
province of Oudd from the river Sardah, the Sone 
canals, the Midnapore canals, the Orissa canals, a pro- 
ject for the irrigation of the district bordering on 
the Gunduck river in Bengal, a canal to leave the 
Ganges near Bajmahal chiefly for purposes of naviga- 
tion, and many other schemes. The magnitude of 
these projects, of which some have since been car- 
ried out and some are in progress, may be imagined 
from the fact that the area they were intended to 
protect was about equal to half of France and to the 
whole of Italy. 

The sums actually expended are given in the fol- 
lowing statementf which shows the amounts expended 

• Despatch TSo. 21 of 8th Febniaiy 1869, ordered by the 
Hotue of GommonB to be printed 27th July 1870. 

t Appendix m., T., and VIL, Report of Select Oonunittee on 
East Indian Public Works, 1879. 
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on productive public works in each year from 1867-68 
to 1877-78 inclusive, the amounts expended on irri- 
gation -works and State railways are separately given. 



Yaw. 


I«iB»tion Workji. 


state SaOwBTB. 


Total 




£ 


£ 


£ 


186?-«8 


219,255 


694 


219,849 


1868-69 . 


468,849 


552,898 


1,021,247 


1869-ro 


2,007,861 


190,870 


2,198,231 


1870-71 


718,488 


449,872 


1,167,810 


1871-72 


983,854 ■ 


644,620 


1,628,474 


1872-78 


770,920 


1,413,649 


2,184,669 


1873-74 


1,198,682 


2,354,626 


3,553,307 


1874-76 


1,286,391 


3,014,180 


4,249,571 


1875-76 


1,106,446 


3,166,184 


4,270,629 


1876-77 


943,423 


2,865,861 


3,809,284 


1877-78 
Total £ 


918,317 


3,984,968 


4,903,285 


10,669,935 


18,636,321 


29,206,256 



The expenditure on famine relief during these years 
amounted to no less than fourteen and a half millionB 
sterling. 

The depressed stafce of the Indian finances daring 
late years has greatJIy reduced the power of the Ck>- 
vemment to prosecute their plans, and many doubts 
have been thrown on the wisdom of such great exten- 
sion of irrigation as was contemplated in 1869. The 
returns have not been nearly as large as was pre- 
dicted. The Secretary of State has now directed that 
only two and a half millions a year are to be expended 
on reproductive public works, including railways, and 
this decision has met with the approval of the Select 
Committee of the House of Commons in their Beport 
issued in 1879. 
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In the following brief account of the irrigation 
works of India, they are divided into different groups 
corresponding with the provinces in which thej are 
Bituated, viz. : — 
. (1.) The Madras Irrigation Works. 

(2.) Irrigation Works of Bombay. 

(3.) The Irrigation Works of Sind. 

(4.) The Bengal Irrigation Works. 

(5.) Irrigation Works in t^ie North- West Provinces. 

(6.) Punjab Irrigation Works. 

These comprise all the important works of India; 
there are others of much leas magnitude, chiefly tank 
works in Mysore, Bajpootana, and British Burmah, 
but as these are not included in the works considered 
by the Select Committee on East India Public Works 
1878-79, and as the available sources of information 
give little if any account of them, they are omitted. 
The works may be divided into five great classes : — 

1st. Perennial Canals. Works drawing their supply 
from rivers of which the discharge is, at all times of 
the year, sufficient, without storage, to supply the 
canals. 

2nd. Intermittent Canals. Works which draw their 
supply from rivers having an uncertain and very vwri- 
able discharge, which is stored and rendered constantly 
available for the canals by means of reservoirs formed 
in the basins of the rivers themselves. 

3rd, Chronic Canals. Works fed from rivers having 
a supply available during the rainy season only. 

4th. Inundation Canals. Works drawing their sup- 
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plj from rivers having a ooDStant discharge of more 
or less mt^nitude, but wbioh are so conBtructed that 
the water of the rivers only enters the canals at those 
times when the rivers are in flood. 

5th. Tanks. Works which impound a supply either 
from rivers with small catchment areas, or collect a 
supply by means of long embankments thrown across 
valleys, or by means of short embankments across 
gorges. 

Works of the last two classes were largely con- 
structed by the natives of India before the En^sh 
GJovemment obtained possession of the country ; they 
are to be found, on all scales, in almost all parts of 
India; from the Great Ghembrambaukum tank — nine 
square miles in area — in Madras, to the petty " ahrahks " 
or embanked ponds of Behar; and from the great 
Inundation canals— two hundred and three hundred 
feet wide — in the Funjab and Sind, to the petty 
*' pynes " which lead off from many small rivers and 
streams in north-western Bengal and elsewhere. All 
the Perennial canals are, with one or two exceptions, 
works constructed by the British Government. The 
statement attached to each chapter shows to which 
of the above five classes each canal belongs. 

The statement on the next page shows the rainfall of 
the different districts of India as divided by the Meteoro- 
logical Department of Calcutta into rainfall tracts.' 

The tracts numbered XVII. and XVIII. correspond 
as near as may be with the districts commanded by 
the Madras Irrigation Works, and those numbered 
X., XI., Vn.. III., and 11. with the works of the 
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other provinceB in the order 2, 8, 4, 5, imd 6 as they 
are mentioned above. The rainfall of the country 
actually commanded by any canal is given, if it is 
obtainable, in the statements appended to the chapter 
on each province. 

Statukht of BxnmxL la different Tracts of India, from 
informatioii giren hj iba liebooiolagieii Department, Cal- 
cutta.* 



VH. 

vm. 

IX. 
X. 
XI. 

xn . 

TTTT 
XIV. 
XV. 
XVI. 
XVIL 

ivm. 

XIX. 
XX. 
XXL 



Western HimalaTa 

Punjab Plains . 

TJp^r Oangetic Plains, ITortli. 

vmces .... 
Eastern HimaJaya . 
Lower Oangetic Plains . 
Assam and E. Bengal 
Western Bengal 
Central India and Nerbndda 
Bajputana and Oujerat . 
Sind and H!utcli 
Khandeish and Berar 
Central Provinces (South) 
North Deocan Plateau 
Hyderabad and S. Deccan 
Concan and Ghats . 
Malabar and Ghats . 
Camatic 7 

Northern Circars j 



Madias 



Pegu 

Tenasserim 
Bay Islands 



56 
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CHAPTER n. 

IBOIOATION W0BE8 OP THB MADBAS PB^SIDBNOT. 

The Qodareri. — Sitnah. — Pennur. — Oanveiy. — Chembrambaii- 
knm Tank.— Pal&r Project.— Tellore Delta WorkB.-~State- 
ment of Areas irrigated. — Maidras Irrigatioa Companj. 

With the exception of the Weetem Jumna canal in 
the Punjab, the oldest of the irrigation works under- 
taken by the British Government in India are those 
of the Madras Presidency. The statement on p. 12 
shows the principal works and gives some statistics 
oonoeming them. 

Qodavari Delia System. 

The Godavari anicut or weir was commenced in 
18M-45 for the supply of the canals of the delta at 
the head of which it stands. The river drains an 
area of about 1 1S,570 square miles ; the crest of the - 



* This hiitorical notice ia taken from the " Annnal Progren 
Beport of the Iirigfttim Branch in the HadiBs frendencj for 
1877-78." 
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aniout ia at 38 feet above mean sea lerel, and it is 
situated at about 33 miles from the coast. The 
length of the crest of the weir, on the line of which 
the river is divided into four branches, is 3,938 yards. 
The greatest depth of water which has passed over 
the weir is 15-25 feet. A short distance below the 
weir, the river forms two main branches with a central 
delta between them. 

There are three main canals, that of the east«rD 
delta has a bottom width of 184^ feet, and, when 
carrying a full supply, the water is 8"21 feet deep ; 
that of the central delta will be 114 feet wide at 
bottom, with a depth of 7 feet of water ; that of the 
western delta varies considerably in width, but where 
the water is carried in a single channel the bottom 
width is about 225 feet, and the full depth of water 
10 feet. All the principal canals of the delta are 
navigable. The length of canals now available, or 
shortly to be ready, for navigation is 518 miles, and 
many of them have, during the last five years, been 
much improved by the construction of new locks and 
the reduction of the current. The total area of the 
delta is about 2,023 square miles. Extensive works 
for the improvement of navigation and drainage 
have been undertaken since 1870 in the eastern 
and western deltas. This system commands about 
1,000,000 acres. 

The following statement shows the length of 
navigable canals open and the progress made in 
1877-78. , . 
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NukeofOuaL 


totoH*^ 


0<npl««laDdIlaTl|r.bla.{ 


TJptol878- 


Dp to 1877- 






77iiioluiv«. 




SuttnMla: 


Hi. Gha 


TU. Olia. 


Ha CbM. 


UunCsntl . 


i 12 


4 12 


4 IS 


SamalooUoh Canal . 


84 28 


84 28 


34 28 


Cocanada Oanal 


27 48 


27 43 


27 48 


Bank Canal 


88 40 


29 50 


29 50 


Coringa Canal 


24 37 


24 37 24 37 


Injeram Canal 


11 9 


11 9 11 9 


Mundapetta Canal . 
Total . 


IS 85 


13 35 ( 13 85 


153 ta 


144 59 144 59 


CmlnUSiila: 








Main Canal . 


8 


8 


8 


Onnnaiam Canal 


44 


28 


28 


Bank Canal 


41 


36 


- 36 


AmalapoT Canal 


32 


26 


26 


B«ndarnnrbimka Canal . 


14 


2 


2 


Bellakurra Canal . 


4 


1 


4 


Vilm Main Canal . 


7 







Zadallj Canal. . 
Total . 


7 


— 


— 


157 


103 


103 


WMtemDdta: 








Main Canal . 


6 11 


6 11 


6 11 




10 15 


9 4 


9 4 


Karaapur Canal 
BankCanal . . . 


29 68 


29 68 


29 68 


25 56 


22 38 


25 50 


Mukkamala Oanal . 


2 32 


2 32 


2 32 


QoBtanaddi & Velpur Cana 


28 35 


28 35 


28 35 


EUoro Canal . . . 


40 27 


28 40 


28 40 


Junction Canal 


3 43 


3 43 


3 48 


Tenkkiab 4 Wojera Canal 


29 74 


29 74 


29 74 


Dndi Canal . . 


15 60 


16 60 


16 60 


Atlili Oanal . . . 
Total . 
Gtandtotal . . 


16 60 


16 60 


15 60 


208 1 


191 65 


194 77 


518 50 


439 44 


442 66 
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Kistna Delta System. 

The Kistna aniout or weir was oommenoed in 1852. 
The site chosen is at a point where the river is much 
narrower than its normal width, its chanael being 
there confined by rockj hills on either bank. The 
length of the crest of this weir is 1,280 yards. In 
1874 the river rose to 19'42 feet above the weir- 
crest, and this was the highest fresh which has oc- 
curred since the aniout was built. The drainage-basin 
of the river has an area of about 110,000 square miles. 
The river divides the delta into two parts. The 
eastern delta main canal will, when oompleted, have a 
bottom width of 200 feet, and the depth of water be 
8^ feet. The main canal of the western delta will 
have a bottom width of 230 feet, and a depth of water 
of 8 feet. 

The principal canals are navigable, and their length 
80 available is at present about 267 miles. Some 
addition will hereafter be made to the extent of navi- 
gation by the extension or improvement of the canals. 
The area of the two parts of the delta is together 
2,110 square miles; the ultimate area of irrigation is 
estimated at 470,000 acres. 

Thd subjoined statement shows the length of navi- 
gable canEtls open, and the progress during the year 
1877-78. 
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Main Canal 


13 
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Bank Canal . 
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27 


7H 


27 78 


45 


6(1 


21 





21 


Commanoor Canal . 

Total . 

Grand total . 


50 





46 


SO 


46 30 


136 


58 


108 


28 


108 28 


312 


49 


267 


19 


267 19 



Pennair Anient System. 

The Pennair delta embraces a comparatively small 
area. On the north side of the river there are from 
200 to 220 square miles of country, in which, there 
are numerous tanks, which receive a more or less 
reliable supply of water; it has been proposed to 
improve radically the arrangements, but hitherto the 
irrigation was much in the state in which it was found 
when the district came into British possession. On 
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tbe south side the area is 150 square miles, and has 
been provided with a fairly complete system of irri- 
gation. The anicut or weir across the river was 
commenced in 1855, and was, until the year 1875, 
527 yards in length, or about one-third of the normal 
width of the river. It has been lengthened to 677 
yards to lessen its liability to damage. In the flood 
of 1874, 18-37 feet of water passed over the crest, 
and much of the country on both sides of the river 
was inundated. The area of the basin drained by the 
river is about 20,000 square miles. The ultimate 
area of irrigation is estimated at 77,000 acres. 

Cauvery Delta System. 
The Cauvery delta has the largest area of irriga- 
tion in Madras. About ten miles west of Trichi- 
nopoly the Agunda-Cauvery divides, at the head of 
tbe island of Srirangana, into two branches, the Cole- 
roon and the Cauvery. Across the Ooleroon a weir 
called the Upper anient was constructed about the 
year 1834, and was one of the earliest of the great 
works planned by Sir Arthur Cotton. Its effects on 
the delta have been very great, and the benefits con- 
ferred on the Government and on the people of the 
Tanjore district have more than fulfilled the autioipa- 
tions of the projector by securing a reliable supply 
of water, and obviating the necessity for collecting 
annually, or in some seasons several times during the 
year, many thousands of the cultivators to form 
temporary works for the diversion of water down the 
Cauvery. The head of this latter work is 1,950 feet 

2 
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wide, and tlie bed-level is regulated by a dam. After 
running for some 16 or 17 miles the Gauvery bifurcates 
into two main channels, the Cauvery and the Yennar, 
which irrigate nearly equal areaa, and which give off 
numerous branches ; at all the principal bifurcations 
regulating works have, during the last few years, 
been constructed. The Cauvery was formerly con- 
nected with the Ooleroon at the east end of the island 
of Srirangam, some 20 miles, from the Upper Oole- 
roon anicut, and across this channel a work called the 
Grand anicut was built by the natives many years 
before the province of Tanjore was ceded to the 
British. This was the first step towards the improve- 
ment of tbe delta, and its eSects must have been 
great. 

In the northern deltas the whole of the distribution 
of water has been artificially carried out by canals ; 
but in tbe Cauvery delta the principal distribution was 
effected naturally by the numerous branches thrown 
off by the Cauvery and Vennar; and from these 
branches innumerable small channels have been cut to 
convey water to the lands of the delta villages. The 
chief work to be done under the British Oovernment, was 
firstly, to render the water-supply more reliable ; this 
was secured by the Upper anicut : and secondly, to re- 
gulate the distribution by the principal rivers, towards 
which something was done formerly by the regulating 
works at the head of the Yennar, and much more 
during the last few years by the construction of regu- 
lators at the head of the principal branches. It is 
intended to bring the Cauvery under complete regula- 
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tioD, and to provide a new head for the Yennar at the 
Grand anicut, so that the delta may be entirely pro- 
tected from excessive flooda, and that water which 
cannot with safety be carried by the various rivers of 
the delta may be. passed over the Grand anient and dis- 
charged by the Ooleroon river to the aea. Much useful 
work has been done in the delta towards regulating the 
widths of the rivers and improving the alignment. 
Formerly the river-beds varied greatly in width, and 
the result was that the deep channels changed from 
year to year, the tendency being to cut away the 
banks in some places, and to deposit the eroded 
material elsewhere. The parts of river-beds in excess 
of the width required have been planted up with a tall 
grass called nanal or durbah ; this checks the current, 
causes a deposit of the silt held in suspension, and so 
gradually reclaims land in a very simple, eSeotual, and 
inexpensive manner. 

The Canvery rises in the western ghauts or moun- 
tains, and drains an area of about 28,000 square 
miles. The area of its delta is about 2,700 square 
miles. The system irrigates about 796,968 acres. 

Chembrambauham Tank System. 
The Chembrambaukam tank is a large reservoir about 
14 miles from Madras, which has been formed by en- 
larging an old native tank. Before its enlargement it 
held from 55*61 to 77*80 millions of cubic yards, and 
had an area of 4,648 acres or 7*26 square miles. Its 
present capacity is 102*91 millions of cubic yards and 
the.waterspread is 5,729 acres or 8*95 square miles. 

2 • 
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The old BourceB of Bupply have been utilised to a 
greater extent by enlarging the supply-channel and 
its head-sluice. 

It is not yet known whether the extension of irri- 
gation will realise the expectations entertained when 
the scheme was sanctioned. Originally it was in- 
tended to make the tank large enough to hold 196*87 
millions of cubic yards, but a reconsideration of the 
scheme with reference to the water<supply available 
resulted in the alteration of the project to the dimen- 
sions above noted. 

VeUore Delia Works. 
The Pelandorai anient gives its name to a system of 
irrigation in South Arcot. The anient is built across 
the Vellar river, at the site which gives the work its 
name, and a supply-channel from the right bank, re- 
gulated by a bead-sluioe and connected with subsidiary 
channels, conveys water for the irrigation of fifty 
Tillages in the Chilambaram Taluk. The works were 
commenced in the year 1870 and are, with the exception 
of additional ston^e in tanks, practically completed to 
the extent of the original design. 

Palar Anicut System. 
The Palar anicut is thrown across the river of that 
name at the town of VeUore in the North Arcot dis- 
trict. It is 2,600 feet long and is the head of a system 
which irrigates about 37,672 acres. Channels provided 
with bead-sluices take oS on either bank above the 
anient. The original work was constructed about the 
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year 1866. It was damaged and partly carried away 
in 1874, and has since been restored. 

Streemgantha/m Anient System. 
The Streevigaotham anicut system is of considerable 
importance. The anient crosses the Tamrapnroi river 
in TinneTelly about 16 miles from the sea, and is the 
lowest anient on the river. It provides for the exten- 
sion of irrigation on both sides of the river, the 
channels leading from which not only irrigate the land 
directly, but fumiah supplies to existing tanks where 
the water is stored. The originid estimate of the 
extent of laud to be brought under cultivation was 
32,000 acres. Little remains to finish off the project 
as sanctioned. 

The eight works just described are those of which 
capital and revenue accounts are kept, as will be seen 
on reference to Chap. VIII. ; they irrigate together 
about 1-^ millions of acres of crops, and bring in to the 
Government a net profit of about 17 per cent, on their 
capital cost. But it must not be supposed that these 
are the only works which are used to irrigate the fields 
in the Madras Presidency. The Madras works are 
divided by the local government into six classes : — 

(1.) Irrigation works for which capital and revenue 
accounts are kept, and which are constructed 
from borrowed funds. This class contains 
only the eight works above described. 

(2.) Works of which individual accounts are kept, 
but which are not constructed from borrowed 
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funds. This class contains Bome forty^-four 
small works, each costing on the average 
about one thousand four hundred pounds 
and irrigating about 4,000 acres. 

(3.) Minor irrigation works supplied by rivers and 
streams. 

(4.) Tanks in groups. 

(5.) Isolated tanks. 

(6. ) Miscellaneous irrigation works, including spring 
channels, ponds, wells, and any other works 
from which revenue may be derived. 

The eight works of Class 1 are those which are called 
"reproductive" works by the Government of India 
and are those of the greatest magnitude, but the 
statement * on p. 23 shows that, although these eight 
works bring in large profits to the State, the minor 
works are perhaps equally important to the people, 
since 3,476,000 acres are irrigated by them, or about 
twice the area irrigated by the eight *' reproductive " 
systems. 

Madras Irrigation Company's Oanal. 

The works of the Madras Irrigation Company in the 
districts of Ballary, Kumool, and Cuddapah in Madras 
are the only works in India under the administration 
of a company having a capital guaranteed by Govern- 
ment. The company was incorporated by an Act of 



• Annual ProRreBB Keport of the Irrigation Biaach of the 
Madras Presidency for 1877-78. 
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Parliament, dated the ILth of May 1858, for the pur- 
pose of constructing and mauE^ng works of irrigation 
and navigation in various parts of India. An inden- 
ture or contract deed was executed on the 3rd of June 
1863 between the company and the Secretary of State 
for India, providing for the execution by the company 
of one .work to be selected by the Local Q-ovemment, 
to cost one million sterling, and on which 5 per cent, 
return was guaranteed by the Secretary of State. In 
pursuance of that agreement, the so-called Toombudra 
or Tongabudra project was adopted. This included 
a canal for irrigation and navigation from Sunkesala, 
17 miles above the town of Kumool on the Toombudra, 
to the Kistnapatam estuary on the sea-coast in Nellore. 
The company accordingly undertook that section of the 
scheme which extends from Sunkesala to Soomais- 
weram on the Pennar river.* In 1866 it having been 
found that the original estimate was quite insufficient 
to complete the project, a further ^reement was con- 
cluded on the 30th of July of that year. This con- 
tract separated the section of the scheme ext-ending 
from Sunkesala to Cuddapah from the remainder of 
the project, and provided for a loan of six hundred 
thousand pounds from the Secretary of State to the 
company on the security of debentures issued by them. 
The loan was to be expended in the completion of the 
canal to the Pennar and thence to the town of Cud- 
dapah. The work was virtually completed in 1871. 



* Annttftl Progress Report of the Irrigation Branch, Madras 
Presidency, 187?-?8. 
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A great deal of correspondence* passed in 1871 
between the Governments of India and Madras with 
reference to the company. It appeared doubtful if 
the conditions imposed on the company that the canal 
was to be in " perfect working order to the satisfac- 
tion of the Local Government by the let of July 
1871 " had been carried out, and it was contemplated 
to take over from the company all their works and to 
carry them on by direct Government agency. At 
about the same time the company applied for an ex- 
tension of their guarantee for the purpose of com- 
pleting what they termed their " original Toombuddra 
project." In July 1871 Captain Scott, B.E., reported 
on the works for the information of Government; he 
reported 189 miles of main canal and 216 miles of dis- 
tributaries to be practically completed, the area then 
commanded being 91,567 acres. There appeared to be 
great fears that the banks and retaining walls would 
breach; Captain Scott, indeed, expressed an opinion 
that many breaches would occur if the canal were 
tested by a full irrigation supply for thirty days. 
Probably this would be the case in almost any new 
canal when it was first opened, but great stress seems 
to have been laid on the fact to the prejudice of the 
company. In 1872 the Government of Madras re- 
ported that " it seems doubtful whether in their pre- 
sent state the works can prove remunerative, for 
130,000 acres must be irrigated to pay the interest 

' Correspondence, printed b7 order of the House of Oommona, 
between the Secretary of State for India and the OoTemmeDts of 
India and Madias, Ua; 1872. 
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aloDe on the capital expended, while the largest extent 
of land actually irrigated hitherto by the works has 
only been XjSS'' acres. Works which were originally 
estimated to cost four hundred and ninety-three thou- 
sand three hundred and forty-eight pounds are said to 
have actually cost one million fifteen thousand five hun- 
dred and fifty-two pounds, and serious strictures were 
passed on tbe details of construction of the works. In 
consequence of this report the Secretary of State in- 
formed the company on the 9th of January 1872 that* 
" the practical conclusion to which his Grace, in com- 
mon with the Governments of India and Madras, has 
come, is that no public advantage whatever, but, on 
tbe contrary, very serious disadvantage, has accrued 
from the recourse which for so many years con- 
tinuously has been had to the co-operation of the com- 
pany in the construction of irrigation works ; aud he 
sees no reason for supposing that anything would be 
gained by either the Government or the people of 
India from further perseverance in the same course. 
He desires it, therefore, to be distinctly understood 
that in any further operations which may be con- 
templated by the company, they must rely entirely 
on the resources which they can independently com- 
mand, for that no further pecuniary aid in any shape 
will be afforded by the Government." However, the 
Government did not exert their right to acquire the 
works of the company and manage them themselves. 

* Correspondeiice, printed b^ order of the House of Commons, 
between the Secretarj of State fot India and the Govenunent of 
India and Madras, May 1872. 
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The company still carried, and still continues to cany 
them on with results which are very far from satisfac- 
tory. 

In 1876 arrangements were made between the com- 
pany and the Secretary of State, whereby the former 
abandoned all parts of their scheme outside the Sunke- 
sala and Cuddapah canal on condition of receiving a 
refund of the expenditure incurred by them on the 
investigation, &c. of the projects so abandoned. 
Hitherto the canal had been a failure in a financial 
point of view. . The returns from irrigation and the 
sale of water generally have been insignificant when 
compared with the capital outlay. They averaged to 
the end of 1875-76 about fifty-one thousand rupees per 
annum, but the impetus given to irrigation in the fol- 
lowing years by the failure of the monsoon rains raised 
the revenue receipts very materially. 

It has been alleged that the postponement of the 
arrangements necessary for opening the canal for navi- 
gation — a postponement due to the company being 
without the necessary capital to allow of the naviga- 
tion works being completed and floating plant provided 
— acted prejudicially against the extension of irrigation. 

The statement on page 28 is given in the Madras 
Progress Report, 1877-78, as the present estimated 
cost of the works, but it is evidently not complete. 

This estimate does not include items for the Home 
expenditure and establishment ; the total amount ex- 
pended on the works up to the end of 1877-78 was 
one mUIion seven hundred and eight thousand two 
hundred and eleven pounds sterling. 
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Anicut and Ueodworbs at Kumool 
One mile of Canal from Anient 
Anient and Headnorka at Sunkasala - 
1st Section Main Canal, 18 miles 
Aqueduct across the river Hindry 
2Dd Section Main Canal, 14 miles 
11 do. 



17 do. 

12 do. 

19 do. 

23 do. 

23 do. 



4th do. do. 

Sth do. do. 

Sth do, do. 

7tli do. do. 

Sth do. do. 

9th do. do. 35 do. 

Anicut and Headworks at Adimapally 

10th Section Main Canal, 18 miles 

Anicut and Headworks at Soomaisweram 

Distribution Works . - - . 

Buildings ..... 

Breach repairs of August 1870 

Line of Telegraph from Sunkesala to Cuddapah 

Bevenue Account .... 

Harigation ..... 

Total 

Deduct — 

£ 
Retrenchment from 4th Section, 

Main Canal- - - 12,467 

Betrenchment from 4th Section, 

Buildings ■ - - 239 

Total - 



EiHmated Cort. 

£ 

30,308 
6,500 

48,932 
112,978 

48,065 
202,458 

99,086 
121,063 

89,188 



76,699 
83,839 
96,211 
43,828 
25,726 
17,172 
34,327 
10,626 
6,244 
7,203 
22,998 
38,454 



The canal begins* at Soonkesala with a weir across the 
river Toombuddra. The weir has a length of 1,500 yards 
of clear overfall, biit is broken into two parta by an 
intervening island. The weir stands upon the rocky 

* " The Soonkesala Canal of the Madras Irrigation and Canal 
Company," by J. H. Latham, M.A., M.LC.E. ProceedingB of the 
Institute of C^Til Engineers, voL xzut. 
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river-bed, and is formed partly of solid rubble masonry 
of gneiss trap and quartzite bonld^s, partly of gravel 
concrete with gneiss rubble facing in front and rear 
of the same section, and partly of solid gneiss rubble 
masonry, with a facing on the lower side of Kurnool 
limestone ashlar. The coping is joggled wherever the 
anient (which is not straight, but follows the line of 
the highest solid rock) is concave in plan on the up- 
stream side. The height varies from 6 to 26 feet, and 
averages about 18 feet, and the highest registered 
flood rose 7-J feet over the crest. 

From the Soonkesala weir the water is admitted 
into the canal by a head-sluice without any lock. The 
face of the head-alnice is kept clear by the scour of 
ten under-sluices at a lower level in the weir, the 
stream to these under-sluices is forced against the 
front of the head-sluices by a long curvilinear groin. 
The minimum cross-section of the canal for the first 
seventy-five miles has a 90-feet bottom, with 2 to I 
aide-slopes, the depth of water being 8 feet. Below 
the forty-fifth mile, the canal being in good soil, a 
depth of 9 feet of wftter is allowed. At the seventy- 
fifth mile the canal passes through the watershed 
between the Toombuddra and the Pennair rivers at 
Ketacondal ; and thence the natural watercourse be- 
comes the main supply channel under the successive 
names of the Kali, the Koonder, and the Pennair. 

The canal in the first seventy-five miles is calcu- 
lated to carry 3,000 cubic feet of water per second, 
and, after gradually parting with about 750 cubic feet 
per second for irrigation, to convey at least 2,250 
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cubic feet per second through the Metacondal cutting. 
At Metacondal 1,915 cubic feet per second may be 
discharged into the Kali, and 337J cubic feet per 
second carried down the continuation of the canal. Of 
the 1,915 cubic feet per second poured into the Kali, 
the canal is calculated to take up 750 cubic feet per 
second.at Jutoor, and 375 cubic feet at RajoH, leaving 
about 760 cubic feet of water per .second for the irri- 
gation below Cuddapah and for Nellore. 

From the natural main supply channels into which 
the first section of the canal discharges at Metacondal 
the water is '.aken at four points, viz. Lockinsala, 
Jutoor, Rajoli, and Adanimayapilly, by the. simple 
process of throwing weirs across it, with the under- 
sluioes in the weirs to keep down the silt, and head- 
sluices across the channel to control the supply and 
entrance locks. 

The canal may be divided into five sections : — 

1st. The section from the head at Soonkesala to the 
seventy-fifth mile, when the canal joins the Kali. 
This length distributes one-fourth of its supply, which 
it draws from the Toombuddra, over the country, 
and throws the remainder into the natural water- 
courses of the Kali, to be drawn off with the other 
' channels as it is required. 

2nd. The section from the seventy-fifth to the 
ninety-fifth mile. This length is an irrigating channel 
for six miles only. It carries only 337-^ cubic feet per 
second out of 2,250 cubic feet which the first channel 
had discharged into the Kali. From the end of the 
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sixth mile this channel is a still-water canal, 45 feet 
base, and having a minimum depth of 5 feet. But 
the head-sluice and lock are designed for 6 feet 
of water if the extra supply is ever required. The 
canal in this twenty miles drops 180 feet 5 inches 
through twelve locks. At the ninety-fifth mile the 
channel tails into the next length. 

3rd. The section from the ninety-fifth to the one 
hundred and forty-sixth mile. This length draws off 
its supply, which the Kali watercourse carries down 
from the end of the first channel, from that water- 
course at Jutoor. It is intended to distribute 750 
cubic feet per second in the district of Kurnool. The 
headworks consist of a weir of limestone in rubble 
masonry founded on soft shale : the weir is 6 feet 
broad below the coping, and has a batter on the upper 
side of 1 in 4; the rear face, which is ashlar, de- 
scends vertically into a trench or water-cushion hol- 
lowed out of the shale and lined with limestone 
masonry. This channel is designed for 6 feet of 
water; it is an irrigation channel for 23 miles only 
of its length. From the one hundred and eighteenth 
mile to the one hundred and forty-sixth it consists of 
level reaches, which fall 187-^ feet through seventeen 
locks ; the base of the canal is 50 feet. The last 
lock on this length drops the canal into the next, or 
fourth section. 

4th, This fourth length of canal is, like the two 
former ones, supplied from the same watercourse into 
which the first channel discharges at its tail. The 
watercourse is called the Eoonder at the place, called 
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Rajoli, where the bead of this channel is fixed. The 
one hvindred and forty-sixth mile of the navigable 
canal drops into this channel at about a quarter of a 
mile from its head. The headworks consist of a weir 
across the Koonder of rubble masonry 5 feet thick at 
the top, with a batter of 1 in 2 on the upper face, and 
plumb on the lower face. The weir is built on solid 
limestone-rock. This channel is an irrigating one 
as far »s the one hundred ami seventy-second mile 
only ; from thence to the one hundred and eightieth 
mile, where it ffJls into the same watercourse, it is a 
navigation canal only in level reaches. It falls 90 feet 
6 inches in itH length, and is calculated to carry 
375 cubic feet per second in the first 26 miles only. 
The base is 50 feet. 

5th. The fifth and last section of the canal is only 
8 miles long. It supplies a very small area with water. 
It is, in fact, the first eight miles of the proposed 
canal into Nellore. There are headworks across the 
Pennair very similar to those of the other channels. 
The canal terminates at the end of this length, about 
one and a half miles from the Madras railway, and 
163 miles from Madras itself. 

The locks on this canal are 120 feet long by 20 feet 
broad in the clear, with a working depth of 5 feet 
6 inches of water. The headway allowed under the 
bridges is 1 -5 feet. A large aqueduct carries the 
canal over the Hindry by fourteen arches of 40 feet 
span. The moat remarkable feature in this canal is 
the height of many of the embankments and the 
method of their construction. There are 8^ miles of 
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embankment, wbere the water-level of the canal is 
more than 35 feet above the level of the country. In 
two miles the bank exceeds 40 feet in height, and it 
even reaches 50 feet. These banks are made in many 
different ways, and a full and most interesting account 
of them wUl be found in the paper quoted in the foot- 
note of p. 28, from which this account of the works 
is mainly derived. The largest banks are made with 
a masonry face wall backed by a quartzite gravel bank 
6 feet wide at the top, with an outer slope of 2 to 1. 
The face wall is perpendicular at the back, with a 
batter of 1 in 7 in the front ; it is 2 feet thick at the 
top, strengthened by counter-forts 16 feet apart. In 
parts the banks are formed with puddle cores, 9 feet 
thick, on each side of which rubble-stone is packed ; 
the inner face of the slope is lined with puddle 3 feet 
thick. The puddle is protected by dry rubble-packing 
on the face, and at the toe of the slope it is worked 
into a trench 5 feet deep. Many varying arrange- 
ments of puddle and pitching and different forms of 
face walls and revetment walls are used in different 
parts. 

The canal is said to command 183,300 aores of land 
for irrigation. 
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THE JBBIQATION WOBES OF IHDU 



CHAPTER in. 

THB IBBEQATION WOBEB OP BOUBAT. 

Clarification. — Mutfaa Cao&la. — Jamda Cauala. — EriBfana Canala. 
lAkh Canal.— Palkher Canal.— Eknik Tank.— Hathmati GaJial. 
Bhatodi Tank.— Maini Tank. 

The irrigation works of Bombay may be divided into 
four great classes as follows*: — 

Class I. Works fed from rivers rising in the western 
ghats, the supply to which is rendered permanent 
by storage. 

Works of this class have a certain supply lasting all 
the year round. The only work fulfilling these con- 
ditions jet brought into operation is the Mutha 
canal. 

Class II. Works fed from rivers supplied from the 
western ghats unaided by ston^. 

Works of this class have a certcun supply lasting 
&om June to December only. 



* Irrigation Bevenne Beport of the Bombay Preeidenoy, 
1877-78. 
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Glass UI. Storage tanks on, and canals fed from, 
rivers, with extensive catchment areas, not rising in 
western ghats. 

The sapply to works of this class depends on the 
local rainfall, and is variable and uncertain. 

Class IT. Storage tanks on, and caiudB fed from, 
rivers with restricted drainage areas. 

The supply to works of this class is the same as 
Class III., but still more variable and uncertain. 

The table on p. 36 shows the chief works apper- 
taining to each class, the area under command, and 
other statistics concerning the canals. 

The following information concerning these canals 
is taken from the Revenue Report of Bombay for 
187ft-77, which gives a very full account of all the 
works. 

Mutha CancUe. 

This scheme was first proposed by Colonel Fife, 
R.E., in 1363-61, after a protracted investigation of 
proposals for the irrigation of the district east of 
Poena by small tanks on the tributary streams, which 
were proved to be finanoi^ly impracticable. 

The Mutha river, a tributary of the Bhima, rises in 
the western ghats, 80 miles from Poona, and by lo- 
cating the headworks of the canal on that river, a 
certain and unfailing supply — during the four months 
over which the south-westerly monsoon lasts — was 
secured. The rainfall on the ghats is seldom less than 
200 inches, and has never been known to fail. Plans 
and estimates for the project were finally submitted 

8 • 
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in 1868, and in December of that year these canals 
were commenced. 

The scheme comprises a large storage reservoir or 
lake on the Mutha river, 10 mUes west of Poona, with 
two canals, one on each bank of the river. The canal 
on the right bank is designed to be 99-J- miles long, and 
to discharge 412 cubic feet per second at the head. 
The discharge can, if necessary, be increased to 535 
cubic feet. The canal passes through the station of 
Poona, and is designed to command 230 square miles, 
or 147,200 acres of land, nearly all of which is situ* 
ated east of Pooaa. This area lies entirely in the dry 
zone of the Deccan, which is described by Gloneral 
Strachey as a band running parallel to the line of the 
ghats, and at a distance of about 20 or 30 miles to the 
east of them, along which the rainfall seldom exceeds 
20 inches. In this zone the variations in the rainfall 
and risk of severe drought are great in proportion as 
the absolute rainfall is small. The left-bank canal 
is 14^ miles in length, and extends a short distance 
beyond the station of Kirkee. It commands an area 
of 4,300 acres, and the designed discharge at the head 
is 38'5 cubic feet per second. The total area to be 
commanded by the complete scheme is thus 151,500 
acres. 

Besides providing for the irrigation of this tract, 
the work is designed to furnish an abundant supply of 
pure drinking-water to the city, cantonment, and civil 
station of Poona ; also to the powder works at Kirkee, 
and to the numerous villages situated along the course 
of the canals. 
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The reservoir is formed by a masonry dam founded 
on solid rock. The dam is of uoooarsed rubble 
masonry, and is one of the largest works of its kind 
in the world. Its length, exclusive of the waste weir 
(which is 1,453 feet long), is 3,683 feet, and the 
height above the river-bed ia 99 feet, the maxiraum 
height above the foundation-level being 107 feet. 
The crest of the waste weir is designed to be U feet 
below the top of the dam, and the maximum depth of 
storage is thus 88 feet. The contents of the reservoir, 
when completed, will be 5,226,000,000 cubic feet, 
and the area of the water surface will be 3,681 acres, 
or 5^ square miles. In order to gain sufficient eleva- 
tion to command the station of Foona and district 
beyond, the level of the bed of the canals is fixed at 
59 feet above the river-bed, or bottom of the reser- 
voir. The available depth of storage is thus 29 feet. 
The volume of water stored above the canal-level is 
3,476,000,000 cubic feet. The river at the site of 
the dam has a catchment area of 196 square miles. 
During an average season it is calculated that the 
reservoir will fill sixteen times, and that one-sixth of 
the whole discharge of the river will be turned to 
account. Provision is made for the utilisation of the 
water-power available at the reservoir. The water 
will be passed through turbines into the canal, and it 
is calculated that it wUl develop to constfint foroe 
of eighty horse-power. 

The right-bank canal is navigable as far as Poona. 
In the tenth mile the water-supply for the city 
is drawn off. The canal is carried through the 
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station of Poena in tannel to avoid interference 
with the buildings, parade-ground, &c. There are 
two tunnels. On emerging from the first, in the 
centre of the cantonment, the canal-bed falls. This 
fall is utilised, by means of an undershot wheel, to 
drive pumps for raising the water into the settling- 
tanks, filter-beds, and covered dispense-reeervoirs of 
the high and middle service systems. From the 
canal itself low service mains and branches are led 
off. 

Under the instructions of the Government of India, 
the length of the right-bank canal is to be restricted 
for the present to the seventy-first mile, up to which 
point the area under command is 98,384 acres, includ- 
ing that on the left bank. The total estimated cost of 
the works is six hundred and thirty-six thousand five 
hundred and eighty-nine pounds. Of this it has been 
estimated that the portion debitable to the water- 
supply of Poona is sixty-seven thousand five hundred 
and sixty-three pounds, leaving five hundred and sixty- 
nine thousand and twenty-five pounds as the cost of 
the irrigation scheme including mill-power. Deduct- 
ing for the latter item seven thousand four hundred 
and ninety- eight pounds, the net cost of the irrigation 
scheme is five hundred and sixty-one thousand five 
hundred and twenty>seven pounds. The area under 
command is 98,384 acres, and the cost per acre is 
thus five pounds fourteen shillings. This will be re- 
duced, if the canal is extended as originally designed 
to command 151,500 acres, to four pounds per acre, 
including the cost of extension. The total coat of 
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the works to tlie end of 1877-78 was five hundred and 
eighty-four thousand nine hundred and fiftj-six 
pounds. 

Jamda Ccmcds. 

The Gima river, on which these oanals are situated, 
is 8 tribatary of the Tapti. It rises in the western 
ghatB, 60 miles west of Malegaon ; at Jamda, the 
headworka of the oanalj it has a drainage area of 
2,700 square miles. 

This is the first work of any magnitude which was 
undertaken in the Deccan by the Indian Gtovernment ; 
the plans and estimates were drawn up in 1863. They 
provided for a masonry weir, 1,540 feet in length 
and 18 feet in maximum height, founded on solid 
rock across the Gima river, near the village of Jamda, 
in the Khand^h coUectorate, with two canals — one on 
the left bank, 27 miles long, commanding 25,600 
acres ; and one on the right bank, 18 miles long, 
commanding 12,100 acres. The canals traverse por- 
tions of the Chalisgaon and Pachora talukas. The 
works have been constructed as designed, with the 
exception that the tail portion of the right-bank 
canal, 6 miles in length, has been omitted, whereby 
the total area under command has been reduced to 
30,000 acres. The left-bank canal has a discharge 
capacity of 261 cubic feet per second at the head, and 
that on the right bank 121 cubic feet. 

Work was commenced in 1863, and a section of the 
left-bank canal, 10 miles in length, was opened in 
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February 1866. The scheme was designed principally 
for monsoon irrigation. 

The left-bank canal has been in operation for eleven 
years. That on the right bank was not brought into 
operation until the year 1877-78, owing to there 
being no demand for monsoon or rabi water, and to 
the perennial supply being insufficient. This canal is 
capable of dxtension to command a large area of land 
in the adjoining valley of the Boree river, and the 
aqueducts and bridges have been constructed to admit 
of an increased discharge. The headway to over- 
bridges is sufficient to admit of navigation. The 
capital outlay to the end of 1877-78 was one hundred 
and two thousand seven hundred and forty-one 
pounds. 

Krishna Canal. 

The headworks of this canal are situated on the top 
of a rocky barrier across the Krishna river at Korsee, 
2 miles above the town of Karad at the confluence of 
the Koina and Krishna rivers. The Krishna river 
rises in the western ghats and at the site of the canal 
headworks drains an area of 1,247 square miles. The 
project, as drawn up and sanctioned in 1863, com- 
prised a weir of rubble masonry 1,200 feet in length 
and 21 feet in maximum height, with a small subsidiary 
weir to retain a pond of water to break the force of 
the water falling over the main weir during floods, 
and a canal 45 miles in length commanding 44,800 
acres on the left bank of the river. 

Pending experience as to the extent to which rice 
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and monsoon crops were likely to be irrigated, the 
length of the canal has been restricted to 32^ miles. 
The culturable area under command is 20,823 acres. 
The canal is calculated to discharge 140 cubic feet 
per second, generally, for eight months in the year ; 
but in order to take advantage of freshes its escapes 
and embankments were designed at such a level as to 
secure as much as 300 cubic feet per second whenever 
such a supply might be available. Provision was also 
made for construotiug, at the close of the monsoon, a 
temporary earthen bank on top of the weir, with 
escapes at each end, in order to store the water 
brought down by the slight freshes, which generally 
occur in April and May. 

Provision has been made for deepening the canal at 
the head, should it prove that the perennial supply 
requires to be supplemented, by drawing off the water 
stored above the weir to a lower level. 

The work was opened for irrigation during the rabi 
season of 1868. In 1872 a complete system of main 
distributaries was sanctioned ; these have since been 
constructed as required. The work was estimated to 
irrigate 27,.'JO0 acres. The capital outlay had been 
eighty-nine thousand and sixteen pounds to the end 
of 1877-78. 

Lakh Caned. 

The headworks of this canal are situated on the 
Prawara river. The scheme was commenced in 
October 1866. It consists of a masonry weir, founded 
on solid rock across the Prawara river, 1,500 feet long 
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and 15*5 feet in maximum height, with a canal 21-1' 
miles in length which traverses portions of the Rahuri 
and Newasa talukas on the left bank of the river. At 
the tail the main canal bifurcates into two branches, 
the length of which is 17 miles. These, with 19 miles 
of distributing channel, command the whole area lying 
between the Prawara and the Godavari at their junc- 
tion, which is described as a fine black-soil plain. The 
area under command is 25,000 acres ; the canal has a 
capacity of 182 cubic feet per second at the head. At 
the weir site, the river has a catchment area of 909 
square mUes. A first section, 3 miles in length, was 
opened on the 15th of March 1868. A further length 
of 2 miles was opened in the following June, and 
water was passed along the whole length of 21 miles 
in August 1869. The tail distributaries were not, 
however, commenced until 1872-73. The works were 
entirely complete, with the exception of masonry 
heads to distributing channels, in 1873-74. The 
capital outlay had been thirty-six thousand three 
hundred and forty-nine pounds up to the end of 
1877-78. 

Palhher Canal. 

The Kadwa river, from which this canal is supplied, 
rises in the western ghats, 30 miles north of the town 
of Nasik, and joins the Godavari, 20 miles east of 
that place. The headworks of the canal are formed 
by a weir of rubble masonry, 20 feet in height, and 
with a length of crest of 800 feet, situated on a rocky 
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barrier about 20 miles above the junction of the rivers. 
The Kadwa river drains an area of 332 square miles, 
above the weir site. The oanal is on the right bank 
of the river, ' and commands the whole area lying 
between the Kadwa and Godavari immediately above 
their junction. This area i8 20,000 acres, and com- 
prises twenty villages of the Dindori and Niphar 
Talukas of the Nasik CoUectorate. The canal has a 
discharge capacity, at the head, of 80 cubic feet per 
second, and is 11 milea long, with main distributaries 
8 miles in length. The plane and estimates were 
drawn up and the works commenced in 1868, but their 
progress was delayed by two accidents, dne to exces- 
sive floods, and the canal was not opened for irrigation 
until the kharif season of 1873-74, when the work was 
only partially complete. The main canal was not en- 
tirely completed until 1875-76, and the distributaries 
and their masonry heads are stiU unfinished. The 
capital outlay up to the end of 1877-78 was twenty- 
two thousand six hundred and flfty-nine pounds. 

The smaller works of Class II. are : — 

In Nasik, the Wadali canal from the Kadwa river. 
In Ahmednagar, the Ojhar canal from the Fra- 

wara river. 
In Satara, the Rewari oanal from the "Wasna river. 
In Satara, the Terla canal from the Terla river. 
In Dharwar, Madag tank on the Choardy river. 

The Wadali is an old canal which has been improved 
and extended. 

The Ojhar canal is a small work commanding only 
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4,408 acres. The canal is 10 milea in length and 
carries 125 cubic feet per second. 

The Rewari canal was originallj partially con- 
structed about the year 1871 by one Naroo Appaji, 
who held high office in the service of the Peshwa. 
The weir across the river was completed, but the 
canal was in an unfinished state when he died, aud the 
work was not completed. After the district passed 
into the hands of the Indian Goverument, some ex- 
penditure was incurred in bringiug the unfinished 
work into operation, and it is said the canal was used 
for irrigation one year, but owing to the want of 
slope in the channel, and to its being carried under 
two of the drainage channels in tunnels of insufficient 
capacity to admit of their being cleared, it was found 
impossible to keep the water running, and after one 
season's experience the work was abandoned. In 
1863 the work was undertaken by the Government, 
the channel leading from the weir was reconstructed 
and the canal, which is 4 miles in length, put in good 
repair. It commands 6,004 acres, of which 5,341 are 
culturable. 

The Yerla canals consist of two channels, one on each 
bank of the river Yerla. The one on the right bank 
is 9 miles long, that on the left 8^ miles. The area 
under command is 12,800 acres, but the supply of 
water available is only sufficient to irrigate 6,500 
acres during four months in the year. 

The Ma4ag tank is an old work in the extreme 
south of Dharwar on the borders of Mysore. It is 
reported to have burst when it was first made by the 
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natives, who were afraid to complete it after the acci- 
dent. Two canals are led off from the tank which at 
present only command 2,467 acres of oulturable land. 

EkruJe Tank 

This work, one of the largest of ita class, under- 
taken by the Indian Government, is situated 5 miles 
north-east of Sholapur ; the scheme -was drawn up in 
1863 and sanctioned in 1866. It comprises a reservoir 
or tank formed by an earthen dam, and three canals 
for irrigation. The dam is 7,000 feet in length and 
76 feet in maximum height, thrown across the valley 
of the Adhila river, a tributary of the Lina. The 
drainage area of the river above the tank site is 160 
square miles. The tank is 60 feet deep when full, 
and contains 3,350,000,000 cubic feet. The area of 
the water surface is 4,640 acres, or 7} square miles. 
Two waste weirs, of an aggregate length of 750 feet, 
are provided for the escape of flood-water after the 
filling of the tank. There is one canal on each bank 
of the river at a high level, designed for four months' 
irrigation, and a third, on the left bank, at a low level, 
designed to give a perennial discharge. The table on 
p. 47 gives the length and capacity of each canal, and 
the areas under command. 

The low-level canal flows close past the town of 
Sholapur. The high-level left-bank canal is capable 
of extension to command an additional area. The 
same may be said of the other two canals, but not to 
a proportionate extent. The scheme was estimated to 
furnish a supply sufficient for 21,150 acres of irriga- 
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tion annually. The work was commenced in 1866-67, 
and the dam was closed — a work of some risk with bo 
high a dam — in December 1869. The scheme was 
brought into partial operation during the kharif season 
of 1871-72. At the end of 187&-77 the work was en- 
tirely completed, with the exception of the last two 
miles of the low-level canal, and of the last tweh'e 
miles of the right-bank canal. The capital outlay has 
been one hundred and forty thousand nine hundred 
pounds to the end of 1877-78. 

Hathmati Canal. 
The Hathmati river is a tributary of the Salarmati. 
The headworks of the canal, which takes its name 
from the river, are situated in Bdar territory, just 
above the old fortified town of Ahmednagar, about 40 
miles above Ahmedabad. At the site of the head- 
works of the canal, the river has a drainage area of 
524 square miles. The canal is 20 miles long and 
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commands an area of 34,068 acres on the left bank of 
the river. For the first three miles of its course it is 
in Edar territory, and thence to its tail, where it joins 
the Khari river, it traverses a portion of the Ahmed- 
abad oollectorate. 

Plans and estimates were first drawn up in 1869. 
They provide for a total length of 32|- mileB,of canal, 
commanding 45,068 acres. For the first 5|- miles the 
carrying capacity was 460 cubic feet a second, and 
provision was made for dischargping 250 cubic feet a 
second into the Bujwah, a tributary of the Khari, to 
supplement the supply in the latter river, which is 
utilized some miles lower down by a system of sluices. 
It was found, however, that the constant reliable 
supply in the Hathmati river, at different seasons, had 
been over-estimated; and the- length of canal was, 
therefore, reduced to 20 miles. 

The headworka of the canal are formed by a weir of 
rubble masonry 1,000 feet long, and 22 feet in maxi- 
mum height. The work was commenced in 1869—70 
and was brought into partial operation in 1873-74. 
The outlay to the end of 1877-78 was fifty-five thou- 
sand five hundred and ten pounds. 

Bhatodi Tank. 

The capital cost of this work, amounting at the end 
of 1877-78 to thirty-eight thousand two hundred and 
seventy-two pounds, comprises the expenditure in- 
curred on the restoration of a ruined tank, believed to 
be many centuries old, situated on the Mekhri river 
which rises 10 mUes north-east of the town of Ahmed- 
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nagar, and joins the Sina river 40 miles below Ahmed- 
m^r. ITnlike most native works of the kind, the 
dam consisted, where it crossed the river-bed, of a 
low massive masonry wall some distance in front of 
the line of earthen embankment, which formed the 
principal portion of the dam. The work, as taken 
in hand hj the English Government in the early part 
of 1868, comprised the completion of the masonry 
dam, 2,400 feet long and 50 feet in maximum height ; 
the construction of a waste weir on the left bank, 450 
feet long with its crest 7^ feet below the top of the 
dam ; and of a canal for irrigation on the right bank, 
4| miles long, capable of discharging 140 cubic feet 
per second at the head, and commanding altogether 
14,000 acres of land. The land under command is 
situated in eight villages of the Ahmednagar Taluka. 
The level at which the canal takes off is 22^ feet 
below the orMt of the waste weir. The draini^^e area 
of the tank is 50 sqiiare miles. The tank has an avail- 
able capacity of 149,000,000 cubic feet, and an area 
when full of 310 acres. It is estimated to fill with a 
rainfall of 5'40 inches, of which half an inch runs off. 

The work was partially completed and open for irri- 
gation in 1871. In that year the tank was filled to a 
depth of lOfeet; any water over that depth was allowed 
to escape through a gap 95 feet long left in the masonry 
dam ; it had a vertical drop of 25 feet. In 1871-72 the 
dam was raised a further height of 5 feet, and a cistern 
to break the force of the falling water was added. The 
storage was thereby increased to 108,000,000 cubic 
feet. Before the monsoon of 1876 the dam was raised 
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a further height of 2^ feet, and entirely oompleted 
before the end of 1876-77. 

Mai/ai Tank. 
This work is situated on a small tributary on the 
left bank of the Terla river, 22 miles south-east of the 
Yerla canals, and 45 miles from Satara. The soheme 
was first investigated in 1866. The plans and esti- 
mates were sanctioned and work commenced in ] 868. 
The work comprises a storage reservoir, capable of 
containing 190,000,000 cubic feet, and having an 
area, when full, of 380 acres, formed by an earthen 
dam 2,870 feet long and 57 feet in greatest height, 
constructed across the valley of the Wang river. The 
catchment area of the river above the dam is 54 square 
mUes. The level at which the canal takes off is 31 feet 
below the waste-weir crest. The canal has a discharge 
capacity at the head of 33 cubic feet per second. The 
work was designed to command in all 7,000 acres, but 
up to the end of 1876-77 the actual area under com- 
mand was 4,638 acres, of which 4,459 were culturable, 
and were comprised in three villages of the Khatar and 
E!hanapur talukas. 
The smaller works under Class IV. are : — 

The Hartala tank in Khandesh. 

The Mhaara tank in Khandeah. 

The Easurdi tank in Poena. 

The Koregaon tank in Sholapur. 

The Gondoli canal from the Man river in Satara. 

The Chikli canal from the Nandni river in Satara. 

Ealala dam aoross the Kalala Nulla in Dharwar. 
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These are all Bmall worke of the same nature as the 
larger ones previouBly described. Some of them are 
new works undertaken by the English C}t}yemment, 
and some are old native works restored. 
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CHAPTER IT. 

THE tBBIQATION WOBES OF 8IND. 

IndoB Delta. — ^InuDdation Oaoals. — Bind. — Q-har. — ^Western Nara. 
— ^Begari. — Eastern Nara. — FulelL — Sukkur and Sliahadadpur. 

The rainfall in tliis provinoe averages about 
9 inches. Here the verj existence of the people is 
entirely dependent on the canals ; those parts which 
are without an artificial supply of water are barren, 
uDcultivated and unpopulated. The canals are mainly 
old native works which have been restored, improved, 
and maintained by the British Oovemmeot. The 
statement on p. 53 gives such statistics as are available 
of the principal canals in Sind. 

The following account of the canals is taken ftY>m 
the parliamentary paper mentioned in the foot-note.* 
It is much to be regretted that no more detailed ac- 
count of these very interesting works is available. 



* Statemrat of the Moral and Material Frogresa and Condition 
of India, 1872-78. 
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After the rivers of the Punjab unite in the Indus at 
Mithankot, that river flows for 450 miles to the sea, 
tJirough the arid and rainless country of Sind. What 
the monsoons are to other parts of India, the inunda- 
tion of the Indus, and the canals which distribute its 
waters, are to Sind. This country is an alluvial plain, 
almost every portion of which has been swept by the 
Indus, or its branches, at some time or other. Traces 
of ancient channels are to be met with in almost every 
direction. The land is highest at the river-banks, and 
slopes away on either side. The re^on of this is that 
the river brings down a greater quantity of silt than 
its stream, moderated in velocity on the nearly level 
plain, oan oury forward. The sdt is deposited, and 
the result is that the bed and banks of the Indus are 
oontinually rising. The process is sure, but very 
slow. Dr. Lord calculated that the Indus annually 
brings down silt sufficient to form an island 42 miles 
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long i>j 27 broad, and 40 feet high. When the bed 
attains a certain height the wat^ spills over the banks, 
and the river, at interralfi of Beveral centuries, - changes 
its course. It has slowly worked its way from east to 
west. In A.D. 710 the inrading Unslims found a Hindu 
dynasty at Alor. The ruin of Alor was caused by 
the Indus moving to the west. Then the seat of 
government was moved to the city of Brahmanabad, 
the rains of whioh are now 45 mil^ from the river. 

It is this movement of the river which causes one 
of the difficulties in Sind irrigation. The river is 
continually carrying away the banks in one direction, 
and forming new land in another. This process never 
ceases; the falling masses of earth make a noise in 
the distanoe, resembling volleys of musketry. From 
Sakhar to the sea the distance is 300 miles; the 
banks are permanent only at three places, Sakhar, 
Jhirk, and Kotri, At Sakhar the river rushes through 
a narrow gorge in the limestone hillSi forming a per- 
fect rapid during the inundation, wit^ a descent of 
above 4 feet. At Jhirk the river is not contracted, 
but there is rook on either side. At Sotri hills ap* 
{voaoh on both sides, and the clay soil is deep and 
tenacious. The rise of the Indus commences in May 
and subsides at the end of August. 

The canals are ezoavations carried away from the 
river in an oblique direction. They vary from 10 to 
300 feet in width, and from 4 to 10 feet in depth. 
None, in former times, had their heads at the three 
plaoes where the river-bed is permanent, and none are 
deep enough to draw oS water from the river except 
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during inandatione. They resemble natural water- 
oouraes more than canals. From the position of the 
canal-headB they are liable to two evils ; either the 
riTer encroaches and tears away the banks, or it r&> 
cedes and forms a great sandbank across the head. 

The canals are cut through the 'high mai^n of the 
river-banks ; they conduct the water to lower levels^ 
where, under favourable circumstances, it flows out on 
the surface. The cultivated land may be divided into 
three classes — first, the land which can only be irri- 
gated by the help of Peraian wheels to raise the water ; 
secondly, land irrigated by machinery, when the canal is 
low, but over which the water wUl flow naturally when 
the canal rises ; thirdly, land watered altogether with- 
out the aid of machinery. Some of the largest oanals 
were at first natural channels, others were dug by 
various rulers of Sind. They are rude and simple 
expedients which attain their object, though less per- 
fectly and at greater coat than if they had been con- 
structed on sound principles. The care of the canal 
consists in cleaning out the silt deposited by the in- 
undations, or washed away from the sides. This used 
to be done by statute or forced labour. 

On the western bank, commencing from the north 
of Sind, near Sakhar, the chief oanals are the Sind, 
Ghor or Larkhana, Begari, and TTestem Nara. All 
but the Bigari are probably, judging from their tor- 
tuous courses, natural channels kept open artifioially. 
Sind Canal. 

The Sind canal opens from the main stream of the 
InduB> on the right bank, 21 miles below Sakhai-. Its 
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total length is 66^ miles, and at its tail it divides into 
three branohes, the Mutti, Eladu, and Mihshuda oanals, 
the former connecting the Sind with the Larkhaoa 
canal. The coarse of the Sind is very tortuous, and 
the fall deficient. 

Okar CancU, 
The Ghar or Larkhana leaves the Indus 23 mOes 
below Sakhar, and has three heads or channels of 
supply. It is very tortuous, and the fall is thus much 
reduced. Several smaller canals branch from it ; it 
finally divides into two branches, the Nurwah and 
Nowrung, and loses its name. The Nowrung again 
divides into two, the Andrawah and Muldussi, and 
these are again divided into several smaller channels. 

We$tem Nora. 

The Western I^Tara leaves the Indus 27 miles below 
Sakhar, and at 40 miles from the head it is 200 to 
300 feet wide. This canal is less winding than the 
Ghsr, and the fall is consequently greater. The 
country is well cultivated on either side of it, and 
the villages are numerous. It returns to the Indus 
at Sehwan. 

The improvement of these canals, especially of the 
Ghar, was commenced in 1856 under Captain Ford, 
A channel of supply was cut from the Western Nara 
to the Ghar, called the Fordwah, which augmented 
its supply and raised its level. The head of the Ghar 
was also much improved. The Fordwah is considered 
to be one of the most suoceBsful works in Sind. It 
raised the level of the Ghar three feet, and increased 
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its Tolnme enormously, thus converting a large area 
from wheel to natural-flow irrigation. The lower 
part of the Western Nara waa, of course, somewhat 
injured, but not in proportion to the gain to the area 
dependent on the Ghar. 

Begari Canal. 

The Begari canal, also on the right hank of the 
Indus, is the most interesting in Sind. 

In 1844 it was described hj Lieutenant Maclagan 
as having a total length of 48 miles, with a fall of 
35 feet. The head was on a side channel, at a dis- 
tance of nearly 7 miles from the Indus. For the 
first 23 miles it passed through a country covered 
with jungle, but presenting frequent traces of former 
cultivation. It then entered a district where much 
water was taken by means of Persian wheels, and 
towards the end of the forty-eighth mile it became a 
mere ditch. In 1851, General Jacob, Political Super- 
intendent of the Upper Sind frontier, represented to 
the Commissioner (Sir Bartle Frere) the great ad- 
vantage of enlai^ng the Begari. It was then be- 
coming yearly smaller, from the defective system of 
clearing. At the head it was 24 feet wide, with a 
depth of 9 feet. It was proposed to enlarge it to 40 
feet, with a depth of 11, and to slope the banks to 
a proper gradient. The Nurwah was the chief off- 
shot of the Begari, and had been carried far into the 
desert north of £hangarh. General Jacob in 1852 
proposed that the Nurwah should also be cleared 
and enlarged. He entrusted the work to a native 
contractor who had to remove enormous heaps of 
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earth, 25 to 80 feet high, to cut away jnogle, and to 
clear dams out of the bed. The contractor did his 
work well, though odIj a common Sindhi maistri, 
and completed it in 1854. The capacitj of the Begari 
was about doubled by the new ezcaTations, and much 
wheel irrigation was converted into natural flow with 
a saving each seasoQ of thirteen pounds for every 
wheel. Tillages sprang up along the Nurwah, where 
a few years before people scarcely ventured to take 
their flocks from fear of Baluch plunderers. Jacobabad 
was founded in the midst of a barren treeless waste. 
The water of the Begari canal was brought to Jacob* 
abad, and the tail was extended thence to the Kelat 
boundary near Khyra G-arhi. Now the former desert is 
a dense forest of babul and other trees, upwards of 60 
feet high, sheltering the houses and gardens of the 
inhabitants. Within a few miles the desert again ap- 
pears, skirting the Baluchistan hills. It is a level plain 
of splendid, fertile, aUuvial soil, but hard, naked, and 
barren like a threshing-floor, without shrub, herb, or 
grass, except in the vicinity of the oanals. 

Eastern Nara. 
On the eastern side of the Indus, between that river 
and the desert, there is an ancient channel, the Eastern 
Kara, which had ceased to flow as part of the Indus 
since that river, deserting the passage through the 
rocks at Alor, took to its present channel between 
Bohri and Sakhar. The Eastern Nara bad no direct 
communication with the Indus when Sir William 
Baker came to Sind in 1842, but received a preoarioua 
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supply of Trater from a remarkable depreaaion which 
ruQB parallel with the Indus from above Bhawalpur, 
and, being lower than its flood height, receives some 
water from canals, and a more considerable volume by 
direct overflow. The channel of the Eastern Nara 
being also lower than that of the Indus, oan easily be 
filled from the great river on a higher level, and Sir 
William Baker pointed out the rock at Rohri as offer- 
ing a site for the headworks. Hitherto the overflow 
of the Indus, ia floods, had formed the Nara supply. 
In 1826 Sir A. Barnes mentions that the Nara, which 
in its lower course is called the Puraun, was filled by 
a fiood which out through the Allah bund, and reached 
Lakapat. In 1843 Sir W. Baker saw marks of a flood 
that rose 18 feet, and in 1843 there were only 4 feet 
in the same place. 

The out from the Indus at Bohri to the Nara ia 11 
miles long, and the Nara is 20 feet below the river. 
Sir Bartle Frere strongly recommended the cut being 
made, and work was commenced in 1853 ; bunds 
were thrown across the channel at intervals, to lead 
ofF the water for irrigation. In 1854 the cut was in full 
progress, beginning just above Rohri; it was 16 feet 
deep, 206 feet wide, with a berm, 16 feet wide on each 
side. The excavated earth was distributed in two ter- 
races on either bank, forming admirable garden 
■ ground. The Rohri cut or supply-channel was com- 
pleted and opened on the 9th of May 1859. Bunds were 
also constructed across the Nara channel to prevent 
the escape of water into the large dunds among the 
sandhills. 
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Two canals branching from the Eastern Nara have 
also been constructed. The firsts called the Mitrow 
canal, was commenced io March 1859. It was to be 
filled bj a branch from the Nara, and in 1866 there 
were 190 miles open : these irrigate 156,803 acres. 
The second, called the Thar canal, is another branch 
from the Nara, intended to water lands at the edge of 
the desert. It was commenced in 1864, and is now 
completed ; it irrigates about 38,000 acres ; 50 masonry 
heads for minor channels were constructed during 
1871-72. 

Fuldi Caned. 

The Fuleli canal is the main feeder for irrigation 
channels from Haidarabad southward and eastward. 
Originally it was a natural branch of the Indus, join- 
ing it again 16 miles below Haidarabad. This junction 
was closed by a dam, in the time of the Amirs, and the 
water was sent to feed the Gaja, Ghmi, and other 
canals to the south. The chief portion thus fell into 
the Guni, after a course of 40 miles, the average width 
being 350 feet. The improvement of the Fuleli was 
commenced in 1856. Two channels of supply were 
cut from the Indus, and the effect on the water-supply 
was very satisfactory. One of the most interesting 
services on which Sir William Baker was employed in 
Sind, was a survey and levels along the Chmi to its 
junction with the Puraun (the continuation of the 
Eastern Nara) and thence to the Allah bund^ which he 
surveyed and levelled. The Amirs of Sind, after an 
unsuccessful invasion of Kaoh, cut off the supply from 
the FuleU and Quni, which had fertilized one of its 
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provinoes. After our ocoupation of Sind, the G-OTem- 
ment of Kach requested Sir Charles Napier to cut 
the bunds and let the water flow again. Sir Charles 
sent Baker to do this, who took the precaution to 
take levels firsts and found that, owing to certain de- 
pressions and eloTations caused by earthquakes, the 
outtisg of the bunds would not restore the water to 
Kaoh, but, on the contrary, would let salt water flow 
back into Sind. 

The great administrative question, with reference to 
the Sind canals, has always been the system by which 
they were annually cleared of silt, an operation which 
is absolutely necessary. The old custom was for the 
Government to pay for the clearance of the large 
canals, and for the people to keep up the minor ohan- 
nels. As in the case of the Punjab inundation canals, 
the Sind canal clearances were effected by '* cher," or 
statute labour. Every cultivator was forced to fur- 
nish a quota of labourers in proportion to the extent 
of his cultivation. The silt is sometimes removed in 
baskets, and sometimes by a board drawn by oxen, 
like a gigantic hoe, trailed along the ground. But 
usually the only implement is a hoe, with a long blade 
and short handle. The labourer fiUa the blade by 
striking it into the soft soil, and by a jerk throws a 
shovelful upwards and behind. One man stands be- 
hind another and the soil is thus passed on. The 
oanal-digging lasts from December to ApriL In 1856 
statute labour was abolished; the annual work of 
clearance became consequently very expensive, and 
insufficient funds were allowed for it. 
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Sakhar and Skakadadpur Canal. 
One perennial canal has been undertaken, from the 
rocky banka of the Indus above Sakhar to Shaha- 
dadpur, a distance of 63 miles. The line crosses the 
old Sind camJ, where there ia a regulating bridge of 
seven arches, each 10 feet span ; the water is regu- 
lated by horizontal sleepers. The scheme for this 
canal was approved at the end of 1861, and oom- 
menoed that same year ; it was opened in 1870. 
] General Straohey, in 1867, recorded an opinion that 
the remedy for the inconveniences which were caused 
to onltivators by the uncertain water-supply of inunda- 
tion oanals, never under proper control, was the substi- 
tution of perennial for inundation canals. He proposed 
to take two perennial canals from the Indus at Sakhar 
and Eohri to Sihwan on the west, and to Fuleli on 
the east aide, crossing all the present oanals, and using 
them as distributing channels. These proposals have 
never been carried out. It is much to be regretted 
that it ia so. 
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CHAPTER V. 

BINOAL IKBIQATION WOBES. 

Bainfall. — Prejudice against IrrigatioD. — Onaaa, Canals. — Midna- 
pore CanaJs. — Tidal Canal. — Sone Canals. — Sarun and Hoogly 
Bchemes. — ^Proposed Extensions. 

The most modem of all the large irrigation sjBtems of 
India, excepting the Sirhind caoals in the Punjab, are 
the irrigation worka in the province of Bengal. The 
statement on p. 64 gives statistics concerning them. 

The large rainfall in this province* as compared with 
that of other irrigated provinces, and the existence in 
some parts, notably in Behar, where the Sone canals 
are, of a weU-matored system of irrigation from wells, 
"ahrahs" (surface-tanks), and from small '* pynea " 
or inundation canals, has told heavily against the 
spread and success of irrigation works. In many 
parts of Bengal proper, that is in Eastern Bengal, 
there are no welts at all and there is no need for 
them. The rainfaU is so large and so certain that a 
failure of the crops has been imknown. In this part 
all water for drinking purposes is kept in tanks which 

* See statement, page 10. 
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are excaTated below the surface level. The tanks in 
Behar are made by low banks thrown across the 
smaller drainages. In Orissa the rainfall, though not 
BO certain as in Eastern Bengal, is generally amply 
sufficient for the rice-crop, which is almost the only 
crop which is grown there; but an occasional total 
failure of the rains, which seems to occur every hun- 
dred years or so, brings, as it did in the famine year 
of 1866, total destruction to the crops, and ruin and 
death to the people. The irrigation in Orissa has 
spread more slowly than in Behar, chiefly on account 
of the greater amount and greater certainty of the 
rainfall, but the greater advance made by the Sone 
works in Behar is probably largely due to the very 
large acreage, about one-half of the total area, which 
is cultivated in the cold season with " rubbee " 
crops; this crop can never be matured without irri- 
gation of some kind, whereas the rice-crop can be, 
and generally is, entirely matured by the rainfall. 
Although artificial irrigation increases the out-turn of 
rice-fields in ordinary years, and is essential to the very 
existence of the crop in bad years, the cultivators of 
Bengal, and more particidarly of Orissa, have hitherto, 
as a body, declined to use the water to any large extent. 
This prejudice is, however, being slowly, but with 
certainty, overcome. The areas of rice-lands leased in 
Orissa and Midnapore are increasing largely, and al- 
though (Appendix C.) the interest and working ex- 
penses of the Bengal irrigation works exceeded, up 
to the end of 1877-78, the receipts by more than 
1^ millions sterling, it is yet possible th^t, bearing in 

5 
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mind the length of time which nearlj all irrigation 
works have taken to develop, these works may yet 
prove remunerative. Up to the end of 1877-78 they 
had never paid their actual working expensee inde- 
pendent of interest, but the chief engineer* reports 
that in 1878-79 they did succeed in doing so. 

The Orissa, Midnapore, and Tidal Canals. 

The first suggestion which led to the construction 
of these canals emanated from Colonel (now Sir 
Arthur) Cotton.t who was deputed, in 1858, to exa- 
mine the district and to report on the river Maha- 
nuddee. His opinion was that the correct remedy for 
the alternate droughts and floods, which occasionally 
threat-ened the destruction of the city of Cuttack, was 
a system of works which would completely regulate 
the waters of the province. The scheme included : — 

Ist. Weirs across the Mahanuddee, BrahmineCi and 
Byturnee rivers. 

2nd. Irrigating channels, completed for navigation 
throughout the whole delta tract. 

3rd. Drainage channels. 

4th. Embankments to all the rivers. 

5th. A high-level canal for navigation to Calcutta, 
which would also irrigate extensively. 

The scheme included an aggregate length of 530 
miles of navigable canals, which in connection with the 

' Note hy Colonel Haig, B.E., Chief Engmeer Bengal Irrigt^ 
tion Branch, 6th March 1877. 

t Accounts of the Individual Productive Works in Ibidia for 
the year 167&-77. 



AND ineiR PIHAKOIAL BB8tTI/rS. 67 

irrigation chanaela were intended to irrigate 2J- mil- 
lions of acres. 

In July 1858 the Madras Irrigation and Canal 
Company, which had been shortly before established, 
expressed to the Secretary of State their readiness to 
carry out the works recommended by Sir A. Cotton, 
if interest on the capital were guaranteed by the 
Government. This ofEer was declined in 1860, and 
the company then offered to take up the scheme with- 
out a guarantee. A separate company — the East 
Indian Irrigation and Canal Company — was subse- 
quently formed and incorporated by Act of Parliament 
in 1861. A contract between the Secretary of State 
and the company regarding the Oriasa project was 
signed by the Governor-General in Council on the 16th 
of June 1862. The main provisions of this contract 
were, that Government was to give all land required for 
the works free of charge ; that the company was to 
construct the works on designs approved by Govern- 
ment, and on completion of the works to distribute the 
water; while the Government was to collect the water- 
rates and pay them over, less cost of collection, to 
the company. Colonel (now General) Eundall was 
allowed by the Government to undertake the chief- 
engineership of the company, and under his orders a 
scheme similar to that of Sir Arthur Cotton was 
elaborated at an estimated cost of two million pounds. 

The works contemplated were : — 

1st. Dams and embankments to regulate and con- 
trol the Mahanuddee at its debouch from the 
hills into the delta. 

6 • 
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2nd. Canals for irrigation and navigation in tlie 
deltas of the Mahanuddee, Brabminee, and 
Bytumee. 
3rd. Canals for irrigation and navigation from, the 
CoBsje, below the town of Midnapore, into the 
Hooghly. 
4th. A high-level navigable canal from the Maha- 
nuddee to the Midnapore canals, which would 
also supply irrigation to some extent. 
5th. A second navigable line parallel to and near 
the coast connecting the high-level with the 
Roopnarain river near its junction with the 
Hooghly. 
6th. A navigable canal about 135 miles in length, 
from a point 36 miles above Sumbhulpoor along 
the river Mahanuddee, to give permanent navi- 
gable communication from the country above 
Sumbhulpoor to the seaboard. 
7th. Beservoirs on the feeders of the Mahanuddee, 

with the view of regulating the floods. 
This scheme would have secured navigable commu- 
nication between Ganjara and Calcutta, in addition 
to connecting Cuttack with the harbour at False 
Point. 

The directors of the company sanctioned only a 
portion of this scheme. The portion sanctioned was 
estimated to coat six hundred and ninety-five thou- 
sand eight hundred and forty-eight pounds, including 
the Midnapore works and the tidal canal, and to irri- 
gate 505,500 acres. It was assumed that 31 per 
cent, net profit would be obtained. 
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The works were commenced in November 1863, and - 
water was available for irrigation at the end of 1865. 
The irrigation developed very slowly, and at the end 
of 1866-67 only 6,675 acres were actually irrigated, 
or only about 9 per cent, of tbe area for which 
water was available ; in the following season only 
about 7 per cent, of the irrigable area was actually 
irrigated. 

This position of affairs was far from satisfactory. 
As it soon became necessary to advance funds to the 
company to aid in carrying on the project, the Govern- 
ment of India suggested to the Secretary of State 
that tbe works should be purchased from the company 
and completed by Government agency. This, after 
some delay in negotiations, was effected, and on the 
30th of November 1868 a formal deed was signed, in 
which the company agreed to surrender the works to 
Government on payment of one million forty thou- 
sand and fifty pounds. In addition to this, the re- 
payment of certain advances made in India was not 
demanded, and some interest charges were also made, 
so that the total cost to Government of the works 
thus handed over amounted to one million one hun- 
dred and seventy-two thousand eight hundred and 
fifty-six pounds. 

On the transfer of tbe work the scheme was again 
revised and re-estimated. The irrigable area was 
estimated at 1,607,000 acres, and the cost at two 
millions seven hundred and seventy-one thousand three 
hundred and ninety-seven pounds, on which a net 
annual return of 16 per cent, was expected. 
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The channels on which work had been commenced 
at the time of the transfer were — 



IttOrinm . 


. 238J mBas in lengti 


On tha Tidal Cual 


. 2? do. 


In Midnapore 


. 54 do. 



As the continuity of the original scheme vr&s broken 
by the high-level canal and the coast navigable lines 
not being completed, it was subsequently divided into 
the three sections mentioned above, which were, after 
the transfer, worked as separate projects. 

Orissa Canals. 

These canals were originally intended to irrigate 
1,147,000 acres, distributed as follows : — 



Pooree Dutrict 
Cqttack „ 
Balasore „ 



But the original proposals were so pared and cut 
down that the system of canals became only a small 
fraction of the original acheme. The area which it is 
now intended to irrigate is in the Cuttack district 
only, and amounts to only 183,000 acres, the esti- 
mated cost of which is two miUion five hundred and 
thirty-one thousand eight hundred and twenty pounds, 
including all book charges. 

Digmzefl by Google 
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The system oompriaeB the following works : — 

Mile*. 

Eendrapora Canal . . && 

Nayigable branch of Kendrapara Canal towarda 

Chandballee 15^ 

Fattamoondee biancli . . .18 

Taldnnda Oanal . . . .27 

Ubtchgong Canal . .19 

Higb-leTel Canal from Outtack to Bhuddruck 

on the Salundee . . . . 63g 

Of these, the Kendrapara and its branch towards 
Chandballee, the Taldunda, and the Kigh-level, ag- 
gregating 1601' miles in length, are navigable. The 
area protected from inundation is estimated at 
249,000 aores. 

The Mahanuddee, from which the Orissa canals 
draw their supply, bifurcates shortly after leaving the 
bills, the right branch taking the name of the Kat- 
jooree, and the left branch retaining the name of the 
Mahanuddee. Immediately opposite Cuttack, about 
three miles below the bifurcation, the Mahanuddee 
throws off a small branch on its left bank, called the 
Biropa. Cuttack is the head of the delta, and it is 
at this point that the headworks of the canals are 
situated. These headworks are rather complicated,* 
from the necessity which existed of regulating the 
discharge of the Mahanuddee down the two main 
bnmches. 

There are three distinct weirs. One, across the 



s bj General F. H. Bnndall, O.8.I., B.E., delivered at 
Chatham 1876. 
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Katjooree at the point were fclie river bifurcates, is 
1,200 yards long, and 12 feet high above the bed of 
the river. 18 feet of water flows over the crest of 
this weir in high flood. The second weir is across 
the Mahanuddee itself, opposite Cnttack ; it is 1-^ miles 
long and 12 feet high above the bed of the river. The 
river rises 21 feet. The third weir is across the Bi- 
ropa ; it is 660 yards long and 9 feet above the bed 
of the river. The first weir is simply a regulating 
one, but is fitted with a small set of sluices for the 
purpose of supplying water to the city of Cuttack. 
The Taldunda canal, 27 miles in length, takes ofF from 
above the second or Mahanuddee weir, on the right 
bank of the river; this canal runs along the bank of 
the Mahanuddee and rejoins it at Taldunda. From the 
pool above the Biropa weir canals take ofF on both 
banks ; that on the right bank, the Kendrapara canal, 
55 miles in length, follows the left bank of the Maha- 
nuddee for some distance ; it then runs along the high 
bank of another branch of the river. That on the 
left bank, the High-level canal, leaves the river at 
once, and flowing close by the foot of the hills, falls 
into the Brahminee river, after a course of 63| miles. 
The Matchgong navigable canal is a branch of the 
Taldunda; the Pattamoondee and Chandballee navi- 
gable canals are branches from the Kendrapara canal. 
The main canals, having beeu constructed in the 
first instance by the East India Irrigation Company to 
irrigate an area of about 1,147,000 acres, are part 
of a much more extensive scheme than has been ac- 
tually carried out ; the coat of the works is, therefore, 
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much greater than it would have been had they been 
designed only for the small area now irrigable. The 
Government persistently refuse to allow any exten- 
sion of distributaries, which would bring a much larger 
area under command, until there are signs of increased 
demands for water on the part of the cultivators. 

But the system is capable of great extension should 
the prospects of irrigation brighten in Orissa,* for the 
canals actually constructed command an area be- 
tween two and three times that now irrigable. No 
distributaries have been provided for some of them 
in the sanctioned estimates. Another 464,000 acres 
might be irrigated in the Cuttack district by one or 
' two short extensions of existing canals, and the con- 
struction of distributaries ; 150,000 acres more in 
Balasore by the extension of the present high-level 
canal beyond Bhuddruck, where it now terminates; 
and 250,000 acres more by the construction of canals 
in the Pooree district. The headworks for all these 
canals have long been finished, and there is an ample 
supply of water in the rivers in all seasons. Thus the 
present irrigable area of 183,000 acres might be in- 
creased to 736,000 acres, at an incre^ed outlay of 
about one million six hundred and eight thousand four 
hundred pounds. 

Midnapore Canal. 
The second section, into which the works of the 
Eaat India Irrigation Company were divided, was the 

* Note on Irrigatioa and OommuDi cationg in Bengal, b; Colonel 
F. T. Haig, B.E., Calcutta, 80th December 1878. 
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Midnapore canal. This canal draws its supply from 
the river Cossye. The basin of this river* is bo email 
that the supply of water in the canal practically varieB 
with the rainfall of the district commanded by the 
canal itself. The works were commenced by the com- 
pany iu ignorance of the real supply available from 
the river. Distributaries have actually been con- 
structed for an area of 140,000 acres, and in seasons of 
average rainfall there is little doubt that the supply 
would be sufficient to irrigate that area ; but in years 
of extreme drought, as in 1873, the quantity of water 
in the river would only be sufficient for 40,000 or, at 
most, 50,000 acres. Thus, in Midnapore, irrigation is 
little wanted in years of heavy rainfall when a large 
supply is available ; and in years of extreme drought, 
when it is of the utmost value, the water-supply fails. 
The Midnapore canal is divided into four lengths. 
The first length takes off the Cossye river above the 
weir which is built across it at Midnapore; this length 
falls into the river again at Panchkoorah, in the 
twenty-fifth mile, where a second weir is built across 
the river. The canal crosses the Cossye at this point, 
and the second length takes off from the other bank. 
At the thirty-sixth mile the canal tails into the Boop- 
narain river. Five miles from the tail-lock the canal 
leaves the Roopnarain again on the opposite bank. 
The third length, commencing from this point, takes 



* Note b7 Colonel F. T. Haig, B.E^ Chief Engineer Bengal 
Irrigation Branch, on the Cuaal Berennea ot Bengal, 6th Haroh 
18??. 
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the canal by a out 4 miles long to the Damoodah 
river. The fourth length connects the Damoodah 
with the Hooghly at Oolooberia. Prom Oolooberia to 
Calcutta by the Hooghly riTcr ie 17 miles. 

The Midnapore canal thus forms a navigable con- 
nection between Midnapore and Calcutta. The canal 
crosses three rivers in its course. Of these, the 
Roopnarain and the Damoodah are occasionally diffi- 
cult to navigate. 

Tidal Canal. 

This work is one for navigation only ; it is in two 
lengths, one of 11 miles from the Hooghly to the 
Huldee, the other 18 miles from the Huldee to the 
RuBsoolpore river. 

The Bone Canals. 

The history of these canals is, in some respects, 
similar to the history of those in Orissa. The works 
were in the first instance taken up by the East Indian 
Irrigation Company and given over by them to the 
GK>vemment ; but hardly any actual work was done 
by the company, who only expended fourteen thousand 
pounds on the scheme. 

The country irrigable by this system of canals lies 
to the south of the Ganges, near the confluence of that 
river and the Sone ; it comprises portions of the dis- 
trict of Shahabad, on the west of the Sone, and Gya 
and Fatna on the east. The scheme was originally 
proposed by Lieutenant (now Major-G^eral) C. H. 

DiymzefDy. Google 
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DickenB* to the Qovemment of Bengal in January 
1853. His first idea was to irrigate the Shahabad dis- 
trict from storage reservoirs in the hills lying to the 
south of Shahabad, but it was soon found that the sup- 
ply of water in the Sone river was amply sufficient 
to irrigate an area of at least 800,000 acres ; con- 
sequently a scheme, to utilise the waters of the river, 
was projected by Colonel Dickens, who submitted the 
details to the Gorernment in 1861. This scheme 
comprised 484^ miles of irrigating canals which were 
also navigable, 145 miles of canals for navigation only, 
and 217\ miles of main canals not available for navi- 
gation. Of these, 347f miles were on the east of the 
Sone in the Patna and Q-ya districts, the remainder 
(499 miles) being in the district of Shahabad. These 
works were estimated to cost two million six hundred 
and eighty-eight thousand one hundred and twenty 
pounds, on which a net profit of 8f per cent, was 
predicted. 

In September 1861 the project was forwarded to 
the Secretary of State. In May 1862 the Secretary 
of State intimated his approval of the measure, and 
an offer was made by the East India Irrigation Com- 
pany to undertake the works. 

After some correspondence regarding the conditions 
of the agreement, and the scope of the project, a general 
sketch of the works contemplated, as proposed by Sir 
A. Cotton and Colonel Rundall, was forwarded on the 



* Accounts of IndiTidual FiodnctiTe Public Works m India for 
the yew J8?6-?7. 
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6th of April 1864, for the approval of the Govern- 
ment of India. The main features of this project 
were as follows : — 

Ist. A weir and headwork on the Sorie about 26 
miles north of Bhotas, whence canals were to be led 
off to the west and east. 

2nd. A Main Western canal to pass near Sasseram 
and Chunar, and thence in a direction parallel with 
the Ganges river to Allahabad, where an aqueduct 
across the Jumna would connect it with the Ganges 
canal system ; also branches from this canal for the 
irrigation of the tract between it and the Ganges, some 
of which would also be navigable. 

3rd. A Main Eastern canal to pass near Gya to 
Monghyr, thence along the Ganges to Rajmahal and 
the Bhagiruttee, which was to be crossed near its 
head; thence turning southward and passing near 
Kishnaghur, it was to terminate in the Hooghly at or 
near Calcutta. Connection with a proposed canal 
system in Oudh was to be effected by an aqueduct 
across the Ganges at Monghyr or Colgong. Irrigation 
was provided for the tract between the Sone and 
Monghyr by branches to the northward, and on the 
line from Rajmahal to Calcutta it was also considered 
that a considerable area would be irrigated. 

4th. Reservoirs in the hills south of Rajmahal were 
also contemplated to supplement the water available 
from the Sone. 

The Tonse, the Kurrumnassa, and other rivers 
crossing the canals would, it was expected, also aid in 
the supply of water. 
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This scheme was considered by Government to be 
far too extensive ; a lengthy correspondence ensued, 
which terminated in the acceptance by the company 
of the condition originally prescribed by Government 
that the scope of the project should not exceed the 
limits of Colonel Dickens' scheme, and an agreement 
was signed on the 10th of August 1864, generally 
similar in its provisions to that executed for Orissa, 
in which the limits of the project to be carried out 
were stated to be Chunar on the west and Patna on 
the east. 

As the company failed to raise the necessary capital, 
under the conditions of the contract, they applied to 
Grovernment in February 1867 for a guarantee of 5 per 
cent, on the outlay. This was refused, and the nego- 
tiations with the company finally terminated in their 
transferring the undertaking to the Government, with 
all plana and information collected by their ofBcers. 
The sum expended by them (fourteen thousand pounds) 
in preliminary operations was reimbursed. The deed 
effecting the transfer bears date the 2l8t of December 
1868. 

The scheme, as undertaken by the Government in 
1869 consisted of — 

1st. A weir and headworks, same as proposed in 

1864. 
2Dd. Two main canals, one on the western side of 

the river to join the Ganges at Chunar, and 

one on the eastern side to join the Ganges at 

Barrh. 
3rd. On the western aide, two branch navigable 

UiymzeLLV Google 



AND TBBIB PmANOIAL BB8DLTS. 



79 



canals, one to Arrah and the other to Bazar ; 
on the eastern side, narigable branches to Patna 
and Barrh. 
4th. Distributaries aggregating 928 miles in length. 

This scheme was estimated to cost three million 
seven hundred and seventy-five thousand pounds ; 
the area commanded was 2,611,000 acres, of which 
1,200,000 were on the western side, and 1,411,000 on 
the eastern. The navigable canals aggregated 535 
miles, OB foUowB : — 



Uain Watem Canal . 


. 128 


Arrah Brancli . 


. ?0 


BourBrancli . 


. 60 


Mais Eaaten Canal . 


.170 


FatnaBnuich . 


. U 


Barrh Bnuch . 


. 36 



It was estimated that one-half of the total area 
commanded, that is 1,305,500 acres, would be rice- 
land, and it was assumed that one cubic foot of water 
per second would irrigate 133 acres of rice ; hence, 
the Eastern Main canal was designed to carrj 5,304 
cubic feet per second, and the Western Main canal 
4,511 cubic feet per second. On the assumption that 
220 acres of cold-weather crop could be irrigated 
with 1 cubic foot of water per second, it was esti- 
mated that out otthe 1,305,500 acres of cold-weather 
crop which were irrigable, 880,000 acres could be 
irrigated by the oold-weather discharge of the Sone 



Q,am.et,D>.G00L^Ic 



80 THE IBBI6ATI0N WOBKS OF INDIA 

which is about 4,000 cubic feet per second. It has 
since been proved that 1 cubic foot of water per 
second cannot be expected to irrigate more than 
80 acres of rice-land and 180 acres of cold-weather 
crop. 

The scheme, commenced in 1869, was estimated 
to give a net profit of 12^ per cent, on the out- 
lay. This scheme was approved by the Government 
of India in March 1871, and confirmed by the 
Secretary of State in the following July. The 
works were actually and energetically commenced in 
1869. 

It was decided in 1871 to restrict the scope of the 
canal; for it was founl that the supply of water in the 
river was not sufficient to irrigate more than 480,000 
acres of oold-weather crop, and as it was considered 
advisable and economical that the area of the summer 
and winter crops which were irrigated should be 
about equal. For other reasons also it was decided 
to limit the canals within the area bounded on the 
east by the Poonpoon river, and on the west by the 
Koodra nullah. This system is now nearly completed, 
and about two-thirds of the total estimate has been 
expended. 

The weir across the Sone, which is the headwork 
of this system of canals, is situated at Dehree about 
25 miles below the point where the river leaves the 
Kymore range of hills ; it is the longest weir in one 
unbroken length of masonry which has ever been 
built. It is 2^ miles in length and 8 feet high; the 
river in flood rises 8^ feet over the crest of the weir 
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and discharges about 750,000* oubio feet per second. 
Qeneral Dickens estimated the flood discharge at 
l,026,000t cubic feet per second, but hia estimate was 
too great. The catchment basin of the Sone is about 
23,000 square miles. The river runs for 325 miles 
through the hillj parts of Central India, until it 
reaches the plains at Bhotas ; from that place it has 
a course of about 100 miles through an almost deltaio 
oountrj, which is the area commanded bj the Sone 
canals. For about 40 miles below the weir the floods 
of the river do not overtop the banks, but below that 
considerable spills take place and flood the district. 
Up to about the point where these spills commence 
the canals follow either bank of the river pretty 
closely, but at that point they leave the bank and 
follow high ridges of the countiy down to the 
Ganges. 

The following table gives the lengths of main navi- 
gable oanaU : — 

IfilM. 

Main Weetorn Canal . . .21^ 

Arrah Braocli 
Buiar Branch 
Uain 'Eastern Canal 
Patna Bnucfi 

Total . . . 217^ 



* Beport by Major J. G. Forbea, BJQ., on the flood in the rirer 
Sone on the Tth July 1676. 

t Beport on the Sone Canal Project bj Mr, H. 0. Leringe, dated 
the 8l6t Deoember 1870. 
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The Main Western canal takes off from above the 
■weir on the west bank of the river ; it is navigable 
without locka to SasBoram. This canal crosses the 
Kao river by a large syphon aqueduct in the ninth 
mile, it also crosses two smaller drainages, one in the 
seventeenth and one in the twenty-first mUe. 

The Arrah canal leaves the Main Western at the 
fifth milestone. It follows the bank of the Sone river 
for the first 33 miles ; it then leaves the bank of the 
Sone, passes, close by the large town of Arrah, and 
drops into the Qungee nullah which communicates 
with the' Granges. There are thirteen locks on the 
canal, with an aggregate fall of 161 feet. It was 
hoped that the Oungee nullah could have been made 
navigable throughout the whole year, but it has been 
found impossible to keep the nullah clear of silt at any 
reasonable cost. The Arrah canal is therefore in navi- 
gable connection with the Ganges for only about six 
months in the year. 

The Boxar canal leaves the Main Western canal at 
' the twelfth milestone, it has almost a straight course 
from that point, to the Ganges at Buzar. There are 
twelve locks on the canal with an aggregate fall of 
153|^ feet; at the twenty-ninth mile the canal is 
carried across the Thora nullah by an aqueduct 
having foar arches at< 30 feet span. The canal falls 
into the Ganges a little above the fort at Buzar 
where the bank of the river affords excellent founda- 
tion, and where there is no fear that any banks or 
shoals will interfere with navigation. 

The Main Eastern canal takes off from alMTO the 
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Sone weir on the east bank of tlie river. It is only 
7 mileB in length without any locks ; it stops at the 
Poonpoon nullah over which, in the schemes of 1861 
and 1864f it h&A been intended to carry it by a 
large aqueduct. 

The Fatna canal leaves the Eastern Main oanal at 
the foiuth milestone. It follows the bank of the 
river for 60 miles; it then leaves the river and fol- 
lows a ridge wliich was probably at one time the 
bank of the Sone, until it runs into the Ganges close 
to Fatna. 

In addition to the above main canals there wUl be 
about 900 miles- of distributaries connected with this 
system. The full summer supply to be carried by 
the canals is now taken to be 5,171 cubic feet per 
second, and a minimum of 3,500 cubic feet is reck- 
oned upon up to the end of March. The supply 
during May and June falls to about 500 cubic feet 
per second in a very dry year. The total irrigable 
area is about 1,100,000 acres. The total area com- 
manded by the canals, that is the area between the 
Foonpoon on the east and the Eoodra on the west, 
is estimated to be 2,934 square miles. Assuming 
that 500 acres per square mile are cultivated, which 
in this highly cultivated and thickly populated district 
is probably true, the area irrigable will be about 70 
per cent, of that commanded. 

The scheme as sketched out above was estimated 
in 1875 as follows : — 
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Ji 

1. Headworka on the Sone . . 240^1 
Weatem Senes : 

2. Main Canal . 268,439 
S. Anah Canal . . {10,012 

4. Boxar .... 88&,488 
Eastern Series ; 

5. Main Canal . . 84167 

6. Fatna Canal 488,238 



MaintenaoM preTions to admisHion of 

water .... 35,901 

EBtabliBhment . 495,528 

Tools and plant . . . 248,357 

Total CaBh Outlay . . 2,710,381 



Indirect charges: 

Interest on ontia; during £ 
c<MiitTaction . . 296,723 

FrorisioD for leave and pen- 
don atlowances . 123,881 

Capitalization of abatement 
of land revenue on land 
occupied . . . 16,080 



486,684 



Grand total . . £ 8,147,015 



This estimate included the cost of a field surrey of 
the whole area irrigable. 

The profits of the system of canala as they now are 
was estimated in 1875 as follows : — 
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41ZJSS0 acres of Bummer crop at Ss. 3 on acre 12,41,040 

630,000 acres vinter crop at Bb. 3 per acre . 18,90,000 
32?,000 acres single waterings at Ans. 8 per 

acre ...... 1,63,£00 

MiscellaneooB income .... 20,000 

Narigation tolls .... 1,08,750 

Oross Income . , 34,23,290 
Deduct : 
Maintenance on 1,043,680 acres at Ans. 12 per 
acre 7,62,760 

Net Income . . 26,40,530 

Thus giving a return of 8*3 per cent, on the outlay. 

These canals have been barely opened five years, 
and it would be premature as yet, in the undeveloped 
state of t^e works, to speculate as to whether this 
profit of 8'3 per cent, is likely to be realised. Up to 
1877-78 these canals did not pay their working ex- 
penses, but they did do so in the following year. 
In a forecast prepared by Colonel (now General) 
F. T. Haig, R.B., the late Chief Engineer of Bengal, 
it is estimated that the Sone oanals may be reasouably 
expected to pay both the interest on the capital ex- 
pended and their working expenses, in the year 1887, 
and that after that a profit over and above the 4^ 
per cent, interest on capital may be expected. 

8arun and SoogMy Schemes. 
These two small irrigation schemes, which are esti- 
mated to cost only sixty thousand and fifty thousand 
pounds each respectively, have only lately been com- 
meaced. The Sarun soheme will, by means of some short 
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cuts from the Gunduck river, throw a small quantity 
of water into some old channels which intersect the 
district. The distribution of the water &oni these 
channels will he undertaken hy the planteis and land- 
holders who have guaranteed the interest on the 
capital. The area 'commanded by the Sarun scheme 
will be about 100,000 acres only; that commanded by 
the Hooghly scheme is 70,000 acres. 

The irrigation works in Bengal* at present sanctioned 
command the following areas : 



OriuCuudi 


183,000 


Midiiap«re Caoak . 


60,000 


SoneCanaU . 


. 1,100,000 


Sarun Scheme 


. 100,000 


Hooghlf Sohfime 


70,000 




1,508,000 



It may almost be said that these works are already 
constructed, for they are nearly complete, with the 
exception of minor channels, which must, in any case, 
take years to complete. 

In the paper* quoted in the foot-note Colonel Haig 
stated that. 

The total area of Bengal, including Behu and "— 

Orissa, wMcli ia under food-orops, is about . 48,634,000 

In tbe Eastern Districts of Bcn^cal there is an 

area which is always secure against drought of 18,634,000 

So that the area which is liable to drought is 
' about ...... 86,000,000 

* Note on Irrigation and GommumcatJons in Bengal, b; Colonel 
F. T. Haig, £.E. Oalcutta, SOtb Oeoember lei's. 
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Colonel Haig tben discusBed how muoli of tliis area it 
would be advisable to protect by extensions of the 
present works or by the construction of new ones ; he 
arrived at the condusion that if 3,000,000 acres were 
irrigable from canals in the province, in addition to the 
area already protected by wells and streams, that Bengal 
could produce sufficient food to protect herself from 
fear of any repetition of the scarcity of 1873-74. 
Colonel Haig proposed to obtain this irrigable area 
by making the extensions of the Orissa works which 
have been mentioned as possible la the above account 
of those works, by a trifling extension of the Main 
Western canal of the Sone system, and by the con- 
struction of a large system of canals in the districts 
of Tirhoot, Sarun, and Chumpanm in North Behar. 
This last scheme is one which was surveyed and 
worked out by Major (now Colonel) Jeffreys, R.E., 
in 1870. 

These proposed extensions of irrigation in Bengal 
would then command the following areas :— 

AOTM. 



Orim> Cimali 


. 786.000 


Hidiupore Oanall . 


J0,000 


Sone Oanalfl . 


. wso.ooo 


Sanm Scheme 


. 100,000 


Hooghly Scheme 


70,000 


TSaTtb Behar Scheme . 


. 1,100,000 


Total . 


. 3,286,000 



In addition to these, several navigable canals were re- 
commended to facilitate intercommunication. 
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CHAPTEK VL 

THE IBBIOATION WOEKS OV THE NOETH-WBST PBOYINOBB. 

The Jimuia and Qangea. — Bain&ll. — Eaatem Jumna Canal. — 
Ganges Canal. — Agra Canal. — Dun Canals. — Bijnor Canals, 
— Bohilkliand Canals. — BundeUchund Canals. — Lower Oange« 
Canal. — Eaatem Changes Canal. 

The North-WeBt Provinces (includiug Oudh) hare 
an area of about 55,000 square miles*; of these 
25,500 square miles may be said to be protected by 
works of irrigation. 20,000 square miles of the 
Ganges-Jumna Doab are protected by the Eastern 
Jumna and Oanges canals, 3,000 square miles by the 
Agra canal, and 2,500 square miles by the other 
works. These areas are not, of course, entirely and 
completely irrigated, but they are protected from the 
fear of famine by the irrigation works which com- 
mand a portion of the areas named. 

The large irrigation works of this province draw 

* Beriew of the Progress of Irrigation Schemes hj Colonel 
F. H. Bundall, B.E., page 4S6 of the Report of the Select Com- 
mittee of India Public Works, 1&78. 
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their supply from the two great riTerSj the Jumna and 
the Qanges, which flow through it. These rivers, after 
traversing the Himalayas along a course of 110 and 
165 miles respectively, open out upon the valley of 
Deyrah.* At the points where they leave the great 
Himalayan chain, they are separated (measuring from 
the Jumua at Kuttur Futtur to the Chjiges at Bike- 
khes) by a distance of 38 miles ; the Ganges forming 
the eastern and the Jumna the western boundary of 
the valley. In their onward progress these two great 
rivers force a passage through the Sew^iks, a range 
of tertiary hills that separate the valley from the 
plains of India. The debouch of the Ganges upon 
these plains takes place at the town of Hurdwar, 
that of the Jumna is Just below the valley of Kulesur 
on the right, and the Kharra head of an old branch 
on the left, of the river. 

Down to Hurdwar the Ganges, after leaving the 
main chain of the Himalayas, leads off the drainage 
of the eastern slope of the Deyra valley by the chan- 
nels of two streams, the Song and Soozwa; the 
drainage of the western slopes being carried through 
various channels of a subordinate character. The 
Jumna river, in its passage from the Himalayas, drains 
a considerable area of the western slope of the Deyra 
valley ; this drainage is carried to the Jumna by the 
Asun river. The Jumna drains also, on its right bank, 
very extensive tracts of mountain and valley by means 



* A DisqiusHioii on Uie Heads of the Gas^a uid Jumoa Ganalfl, 
bj Sir Proby T. Oaotl^, K.O.B. 
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of the TOQfie and Girri. Theae two streams rise in the 
Sirmoor coxmtry. They are perennial in their supply, 
bringing down, in the rains, large Volumes of water, 
and in the dry months also they maintain a oonsider- 
' able discharge. 

At the town of Hurdwu*, and at the Kharra head 
where the G«ngee and Jumna leave the mountains 
and issue into the plains, the dry-weather discharge 
of these rivers may be estimated at about 8,000 and 
4,000 cubic feet per aeoond respectively. The slope 
of the beds of the rivers down to theae points is very 
great. The beds are largely composed of rocks and 
boulders. In the latter part of their course, after 
having left the great mountains, the rivers appear in 
lengths of open stream and heavy rapid alternately. 
Some of these rapids are of the most formidable cha- 
racter, one on the Jumna, in its passage through the 
Sewaliks, called the Dhobra rapid, flows with great 
force upon a huge and lofty oUS of sandstone on the 
left of the river, and has been the grave of many a 
raft and many a raftsman. During the rainy months, 
these alternate reaches and rapida are converted into 
a continuous mass of rolling water, the rapids being 
engulfed, and the whole river having the appearance 
of an orerwhelming cati^act. The water during the 
dry months, and when undisturbed by floods, is as 
dear as cryst^, and the boulder-bed over which it 
passes is visible at great depths. The boulders and 
shingles gradually disappear from the beds of the 
liv&n at a point from 12 to 16 miles below their 
debouch from the Sewaliks. From thii point the rivers 
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proceed onwards, through a trough or k'hadir, on a 
much reduced slope over a bed of coarse quartz or 
Band mingled with mica, the latter ingredient being 
less Abundant as the river advances. 

The Ghtnges and Jumna, where the oanala issue 
from them, are perennial in their supply, the Q-anges 
having drained a vast tract of elevated mountain 
country by its two great branches (Bhageretti and 
Aluknunda), both of which have their origin iu the 
BDOw. The Jumna also drains a considerable though 
smaller area. The fountain-head of the Ganges springs 
at the foot of that goi^eous mass of perpetual snow 
which forms so remarkable an object from the plains, 
well known as the Oungootri mountain. The Jumna 
rises from an equally well known and conapicuous 
mass of snow — the Jumnootri mountain, whioh is 
perhaps even more remarkable. 

The rainfall of the Upper Gangetic plains is given 
by the Meteorological Department as 38 inches, but 
the rainfall of the Ganges-Junma Doab is only about 
30 inches. The chief crop grown is the cold-weather 
or rubbee crop. The summer or khareef crop is of 
less importance, and bears a much smaller proportion 
to the cultivated area than in Bengal, Orissa, and 
Madras, where the khareef Or rioe-orop is the one on 
which the people chiefly rely. 

The statement found on the next p9^ gives statistics 
concerning the irrigation works Of the North-West 
FroTiaoes. 
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Eastern Jumna Oanals. 

The Eastern Jumna canals are said to hare been' 
first projected by Shah Jehan,* between 1628 and 
1659, and had been partially restored in 1764 by a 
chief named Zabitha Ehan. The works were taken 
in hand by the British Q-oremment in 1823, when 
Captain Robert Smith commenced iheir restorations. | 
These oanals irrigate the districts of Saharunpoor, 
Mozuffumugger and Meerut. The system consists of 
130 miles of canal and 618 of distributaries watering 
a tract about 120 miles long and 15 broad. SirProby 
Cautley joined Colonel Smith in 1825 in the execu- 
tion of the works, and the canals were opened in 1830 
under his superintendence. A portion of the canal 
was remodelled in 1854, in the part where it crosses 
from the Saharanpur into the MozufEumugger district. 
A new Hne was made crossing the Shambi-nuUa, an 
affluent of the Kindun, in soTeral places ; three cuts 
were ^so made for the escape of water. These 
effected the Katha, a tributary of the Jumna, and 
caused swamps to form in the valley of that stream. 
In 1872 Captain Harrison was deputed to report upon 
a remedy for these evils, which very injuriously 
affected the land and the health of its inhabitants. 
He projected a scheme to drain oS the water which 
swamped a wide tract of country. 

The head of the canal is situated near Baipur, on 
the Jumna, a few miles below the point where the 
Jumna leaves the Sewalic hiUs. The head of the 

* " Moral and Material Progresa of India, 1872-78," p. 62. 
t iWi,p.68. 
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Eastern Jumna canal is about S vaxiw below that of 
the Western Jumaa oaoal, which irng;ataB the countiy 
lying to the west of the Jumna in the Punjab. 

The country at the foot of the Sewalio range, at 
which point the bead of these canals ii situated, is crossed 
by many mountain torrents, which are intersected 
by these canals under circumstances of remarkable 
difficulty. The canal after passing down* the shingly 
bed of the Boodhee Jumna for the short distance of 
4 miles, enters on deep cutting, and takes a south- 
easterly direction, commencing at the village of Nya> 
sbuhur ; from this point it plunges at once into all the 
difficulties peculiar to a line crossing mount^n drain< 
age at right angles to its course. The Uaipoor, Ja* 
tonwala, Nogong, and Muskorra, four mountain 
torrents of greater or less dimensions, are passed 
within a distance of 10 miles from the Nyasbubur 
deep cutting. The Muskurra and the Kogong are 
torrents of considerable magnitude, and are provided 
with masonry dams for the passage of floods during 
r^ns. After passing the Muskurra, the Eastern 
Jumna channel continues on the high land of the 
country, running nearly parallel with the Jumna at a 
distance vaiTing from 4 to 8 miles fi*om the river. 
The canal passes near Sahamnpore, and finally returns 
to the Jumna at Delhi. 

The mountain torrents with which the Eastern 
Jumna canal has had to contend have now been en- 
tirely and satisfactorily controlled. The canal runs 

* " The OangM OaiuJ," bj Sir Proby Ouitlfly, cbap. i [Kut it. 
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for some distanoe parallel to the range of moun- 
taina, the land having a fall to the eastward; the 
torrentfl, which have their course generally at right 
angles to the line of the oanal, have been to some 
extent diverted from their original oourseB, a portion 
of their waters being turned to the eastward above 
the line of canal. By this means the quantity of 
water which has to be discharged across the canal has 
been reduced. The result of these arrangements* has 
been to reduce the Muskurra at its point of contact 
with the masonry dam at Kulsea to a comparatively 
inconsiderable volume. The Jatonwala drainage has 
on the same principle been turned into the Nogong 
river. At times, the violence of a Nogoog flood has 
been relieved by allowing a portion of its volume to 
pass down the canal channel towards the Muskurra, * 

The canal is one of the most remunerative in India. 
It paid nearly 23 per cent, in 1878 on the capital ex- 
pended upon it by the British Government, This 
capital, however, does not represent the full value of 
the works, although great alterations, re-alignments 
and improvements have been made, for the value -of 
the old native works is not represented in the capital 
account. The cost of the works to the end of 1877-78 
was two hundred and sixty-one thousand two hundred 
and thirty-five pounds. 

Oanget Oanal, 

The earliest canal of which any record is obtainable, 
in the district now commanded by the Ganges canal, 

* " 13x6 Chw^w Canal," by Sir Frvb; CaDU«7» dwp. L part ii. 
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is that of Muhummud Aboo Khan, near Meemt; 
it is now only to be traced by its remains. It con- 
sisted* of a cut made from the West Kalli Nuddi, near 
the village of Rampoor, to the head of a small tribu- 
tary of the East Kalli Nuddi, oalled the Ehodara 
nulla, which rises near the village of Deorla. The 
length of this cut did not exceed 12^ miles, and its 
dimensions, judging from tbe existing hollow, could 
not have exceeded 15 feet in width. The water after 
reaching Deorla must have passed down the Kodara 
nulla to the town of Meerut, in the neighbourhood of 
which there are many groves and gardens, and it is 
supposed that it was for the purpose of supplying 
water to these that the canal was originally projected. 
There is no tradition, however, of its existence aa a 
running stream, although there is no reason to doubt 
that for a season, at least, it was so. The canal was 
evidently one of those which, from the circumstances 
affecting its supply, and from the total absence of 
aU masonry works, could not have been classed under 
tbe bead of a permanent work for irrigation. The 
"West Kalli Nuddi at the village of Rampoor, although 
a perennial stream, is one of those lines of drainage 
which, during the periodical rains, is subject to very 
great floods. The river meanders through a valley of 
considerable extent, and during the dry months is 30 
feet below the level of the country, or below the level 
of the land over which Muhummud Aboo Khan's canal 
was carried. The canal was merely excavated to a few 

• " The Ganges Canal," by Sir Proby Cantley, toL i."p. 6. 
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feet in depth, and water was supplied from a lake, 
formed by throwing an embankment across the bed of 
the West Kalh nuddi. The flooding of the valley, by 
this retention or damming up of its waters, must 
have done extraordinary damage to the properties 
within its limits; the amount of labour and money 
expended on an embankment, of proportions suffi- 
cient to gain the engineer's object, must have been 
very great ; and the necessity for an annual reoon- 
struotiou of a work which was inevitably destroyed 
during the floods, and the certainty that water 
could 'only have reached the mouth of the canal 
during the dry months of the year, are facts which 
reasonably lead us to conclude that no great benefit 
was ever derived from it by the cultivators on the high 
lands in its vicinity. 

The Ganges canal* waters a considerable portion of 
the tract between the Qanges and Jumna rivers. The 
idea of drawing water from the Ganges river origi- 
nated with Colonel Oolvin, who, when transferring 
charge of the canals in Northern India to his successor 
Captain (afterwards Sir P. S.) Cautley, in 1836, re- 
commended an investigation of the subject. This 
was carried out ; but the results not being encouraging, 
nothing further was done until the great famine of 
1837-38 again drew attention to the matter, when 
orders were issued by Government to re<examine the 
question. 



* Accounts of Uie Indiridtial FrodoctiTe Worki in India for th« 
year 1876-77. CUcntta, 1879. 
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The first proposals, in a practical sbape, were made 
by Sir Probj (then Captain) Gautlej in 1840, when 
he submitted a rough project on a small scale, 
which it was considered would prove remunera- 
tive. The main canal was designed both for irriga- 
tion and navigation, the irrigable area being fixed at 
218,750 acres. The returns were estimated from 
results on the East and West Jumna canals at 10 per 
cent, on the outlay. This scheme was estimated to 
cost two hundred and fifty-nine thousaud one hundred 
and fifteen pounds ; the canal was designed to carry 
1,000 cubic feet per second, the length of the main 
line was 255 miles, and there was a branch from it 
of 73 miles in length. The Governor-General con- 
sidered it advisable that this scheme should be in- 
creased and extended in order to utilise the full 
supply available in the Ganges. This was approved 
by the Court of Directors in September 1641. 

A committee was appointed who recommended a 
scheme which was estimated to cost seven hundred and 
twenty-two thousand six hundred and forty pounds ; 
it contemplated a discharge of 6,750 cubic feet per 
second, and an irrigable area of 1,473,920 acres; the 
estimate was for main canals and branches only, as it 
was intended that all distributaries should be con- 
structed by the landowners, as had been done on the 
neighbouring works of the East and "West Jumna 
canals. Work was commenced on this project in 
1842. 

In February 1845 Captain Cautley submitted de- 
tailed estimates for three separate projects. In each 
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of these the discharge at full supply was 6,750 cubic 
feet per second ; of this quantitj it was assumed that 
1,000 cubic feet would be lost b/ evaporation, absorp- 
tion, aud navigation, and that the remainder would be 
available for irrigation. The last of these projects, 
which was estimated to cost nine hundred and thirty- 
three thousand nine hundred and seventy-four pounds, 
was recommended for adoption by Captain Caatley 
and subsequently approved by Oovernment. 

This scheme contemplated a main line of canal from 
Hurdwar to a point near Allygurh, whence two 
branches were to bifurcate, one terminating in the 
Ganges at Cawnpoor, the other (the Btawab braaoh) 
in the Jumna at Jar. 

The above lines were to be navigable throughout, 
and two other branches were to be taken off above 
Allygurh. The proposed lengths were as follows : — 



MamliiM 


. 380 


Futtehgurh Branch 
BalnndBhuliTir Bnuoh . 


. 160 
70 


Cawnpoor Branch 
Etawah Bnuch 


. 68 
. 172 




MS 



Nine escape channels were provided from the main 
canal and three on the Cawnpoor branch. Compen- 
sation for land occupied by the works and provision 
for establishment charges were not included in any 
of the above estimates. 

The returns were thus estimated. The duty of the 
7 • 
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water was taken at 218*75 acres per cubic foot per second 
of water-supply and the rate at one rupee per acre. 

& 
Water-rate fi,7S0 x 218-75= 1,257312-5 acres at 

Rb.1 . 
Hill power 
Kavigation ToUe 




Orofls Income 

Deduct working expenses 



125,781 

10,000 

6,000 

718 

142,499 
89,044 



or 10'34 per cent, on the expenditure of, say, one 
million pounds. In May 1847 the Government of 
India directed that the works should be vigorously 
pushed on, and added the following instructions : — 

let. The primary object of the canal to be irriga- 
tion.; navigation to be carried out in bo far as it was 
not inconsistent with irrigation. 

2nd. The works in the Ganges valley above 
Roorkee to be as recommended by Captain Cautley. 
The precise course of the channels below Roorkee to 
be subsequently determined. 

3rd. The proportions proposed by a medical com- 
mittee, which had recommended some alterations in 
the designs of the canals on sanitary grounds, to be 
adopted. The chief of these recommendations was 
that the main canals were to be kept as far as possible 
within soil — and all irrigation to be given from dis- 
tributary channels and not from the main canals. 

These alterations having been incorporated in the 
estimates raised them to one million five hundred and 
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sixty thousand five hundred and eighty pounds. The 
chief causes of the excess of this estimate over the 
former ones were, iu addition to the alterations re- 
commended by the medical committee, the reduction 
of the slope of the bed in the upper portion of the 
main line necessitated by the sandy nature of the sub- 
soil, the consequent increase in the number of masonry 
falls, the alterations in the distribution of the water to 
the branches, the increase in the number of bridges, and 
the buildings necessary for sheltering the establishment. 

Water was admitted into the canal in April 1854, 
and irrigation commenced in the following year. 

During the next few years defects in the works 
gradually came to light, which it is unnecessary here to 
recapitulate in detail. The chief defect was excessive 
declivity in the bed of the main channel, which caused 
a velocity of current greater than the sandy soil was 
calculated to withstand without erosion. An investi- 
gation was accordingly ordered by the Government of 
India in 1864. At the close of that year — 

Three detailed estimates were submitted : 
1st. For rectifying defects on the existing main line 
and Cawnpoor branch, and remodelling the main line 
to enable it to carry the full supply as originally pro- 
jected, viz. 6,750 cubic feet per second. 

2nd. For an alternative channel, 167 miles in 
length, from the great aqueduct at Roorkee (18 miles 
from the head) to the bifurcation of the Cawnpoor 
and Etawah branches at the one hundred and eighty- 
first mile to carry a portion of the full supply. The 
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existiDg diannel was large enoagb to carry the re- 
maiDder, without anj material alteration. 

3rd. For a separate channel, 165 miles in length, 
between the same points as in No. 2. This was for 
navigable communication only. 

The lengths of the several channels of the canal at 
that date were as follows : — 



itaia Idne 


. 181 


Fnttohgnrii Branch . 


. 82J 


BolmidBhuliur Branch 


. 45 


Kod Branch . 


Not commenced. 


Cawnpoor Branch 


. 170 


Etawah Branch 


. 170 



Total 648^ 

The aggregate length of distributaries constructed 
was 2,266 miles, and the total capital outlay to the 
end of the official year 1862-63 was calculated to have 
amounted to two million one hundred and fifty-five 
thousand nine hundred and ninety-seven pounds. 

It was decided that the best course to follow was 
to rectify tho defects in the existing channels to 
enable them to carry the full supply as originally 
projected. If this course were finally decided on the 
probable total capital outlay on the Ganges canal 
was estimated at three million and eighty-four thou- 
sand one hundred and ninety-two pounds. This esti- 
mate included the cost of distribataries which had 
been previously omitted in all estimates, but no pro- 
vision was made for land compensation. 
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In 1863 Sir Arthur Cotton* yisited the works of 
the Granges canal, and reported for the information 
of the East India Irrigation Companj on the works of 
the canal and the improvements which he considered 
necessary to make the works aucceseful. In his re- 
port he stated that there were the greatest funda- 
mental mistakes in the projection of the canal. 
These were : — 

1st. That the head of the canal was placed too high 
up the river, above a tract which had a very great 
and inconvenient fall, and in which there was a 
very heavy drainage from the sub-Eimalayas across 
which the canal had to be carried. 

2nd. That the whole canal had been cut so as to 
carry the water below the level of the surface, entail- 
ing a vast unnecessary excavation, and keeping the 
water below the level at -which it was required for 
irrigation. 

3rd. That the whole of the masonry works were of 
brick, while the most suitable stone for hydraulic 
works was procurable in the sub-Himalayas. 

4th. That the whole of the water was admitted at 
the head, so that some of it was conveyed 350 mUes 
to the land it irrigated, while it might have been ob- 
tained at a sufficient level at a distance of, saj, 50 or 
100 miles. 

5th. That there wae no permanent dam across the 
river at the head of the canal, so as to secure the 



* HemoTandom hj Major'Q«iienl Sir Arthur Cotton upon the 
Oaogei CuuU, 3vlj 186S. 
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supply of water, but temporary works were thrown 
up after every monaoon, which were liable to be swept 
away at the very time when they were most wanted. 

In addition to these Sir Arthur Cotton enumerated 
fourteen minor mistakes which he said he had detected 
in the oanal. 

Sir Arthur Cotton in his report su^ested a scheme 
of alteration and improvement of the canal which he 
thought necessary to make this most important work 
complete and thoroughly effective both for irrigation 
and navigation. The chief suggestions made were : — 

Ist. To form a new head with a permanent weir 
below the cunfluence of the Solani, through which the 
main supply of the canal would be reoeived. 

2nd, To construct new weirs below this new head, 
and to add such additional weirs with locks as would 
reduce the slope of the bed to about 3 inches or 6 inches 
a mile. 

3rd. To form a lai^e basin at the beads of the 
canals as a silt-trap. 

4th. To extend the canal to Allahabad and to form 
additional heads with permanent weirs both in the 
Jumna and the Ganges, 200 or 300 miles below the 
Solani, so as to admit additional water into the lower 
part of the canal. 

5th. To cut cross lines of canal connecting the dif- 
ferent branches at several points. 

6th. To make distributaries and drainage channels 
for the extended irrigation. 

Sir Arthur Cotton estinoated the additional capital 
required to carry out his suggestions at two million 
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seveD hundred and twenty-five thousand pounds. He 
then thought 6^ million acres would be commanded 
for a total sum of five million pounds. 

This report of Sir Arthur Cotton's was the com- 
mencement of a long and acrimonious discussion be* 
tween him and Sir Prohj Oautlej on the works of the 
Ganges canal. Sir Proby Cautley admitted in his replies 
to Sir Arthur Cotton that he had made a mistake in 
the ezcessive slope which he had given tu the bed of 
the canal, but he denied that Sir Arthur Cotton was 
right iu condemning any other of the details of the 
project than this one of the slope. In 1866 a com- 
mittee was convened by order of the Government " to 
decide upon the propriety of proceeding as previoufily 
determined with the project of 1864 for remodelling 
the canal, or of stopping its progress pending the 
prepfu^tion of a detailed project according to the 
views of Major-General Sir Arthur Cotton." The result 
of these inquiries was that Government adhered to 
the remodelling project, proposed previously to Sir 
Arthur Cotton's report, with a few alterations in detail. 

In 1868 the attention of the Government of India 
was again drawn to the question by a note submitted 
by Colonel Strachey, then Inspector^ General of Irri- 
gation Works, in which he pointed out that though 
the existing Ganges canal was able to supply the 
upper portion of the Doab, there were large tracts 
lower down which could never be brought under its 
influence, and that a better distribution of the avail- 
able water in the river coald be made by dividing it 
into tolerably equal proportions and constructing a 
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lower canal, as originally suggested by Sir A. Cotton, 
to carry the water to the lower half of the Doab. 

This led to the projection of the system of workB 
now known as the "Lower Ganges canal," and to 
material alterations in the measures for rectifying 
and completing the old " Ganges canal." 

The revised project for the latter contemplated an 
average discharge at the head of 6,000 cubic feet per 
second in the summer season, and 3,650 cubic feet in the 
winter; of these quantities 500 cubic feet were to be 
passed on to the new Lower Ganges canal, in each 
season, leaving 5,500 and 3,150 cubic feet per second 
to be utilized from the channels of the old canal in the 
summer and winter seasons respectively. The project 
of 1864 provided for the utilization, aa in Colonel 
Cautley's original scheme, of an average full supply 
throughout the year of 6,750 cubic feet per second. 

The revised project divides itself into two main 
heads: — 

I. Works of extension required for the full utiliza- 
tion of the surplus volume of water made available for 
the upper portion of the Doab by the construction of 
the Lower Ganges canal. These were — 

1st. The Deobund branch, 46 miles. 

2nd. Extension of the Anoospshuhur (old Fut- 

tehgurh) branch, 43 miles. 
3rd. Extension of the Bulundshuhur branch, 67 

miles. 
4th. Completion of distributary system. 
5tb. Drainage. 

Diamzefl by Google 
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II. Alterations of existing main channel and the 
Oawnpoor branch to the junction with the Lower 
Ganges canal, to adapt theni to the altered conditions 
of irrigation and navigation entailed by the opening of 
the lower canal. 

The estimate for the canals as thus finally deter- 
mined upon amounted to three million one hundred 
and eighty-three thousand three hundred and ninety 
pounds, but this sum did not include indirect 
charges. 

The head of the Ganges canal is situated near 
Hurdwar, about 20 miles above the town of Roorkee. 
The main stream of the Ganges has at this point a 
discharge in the dry season of about 8,000 cubic feet 
per second. A httle above the town of Hurdwar the 
Ganges throws off a small branch about 300 feet 
broad, which rejoins the river again about a mile 
and a half below Hurdwar. This branch has been 
utilized as the offtake of the canal, it has been 
deepened and the slope of the bed made uniformly 
8^- feet per mile down to the Myapore regulating 
bridge and dam by which the supply of the canal is 
regulated. There are no permanent masonry works 
of any kind at the point where the branch leaves the 
main river, but the discharge is forced into the branch 
by temporary bunds which are made afresh every 
year. 

At Myapore the headworks consist of a dam across 
the branch and a regulating bridge across the head of 
the canal. Both the dam and the regulating bridge 
are fitted with sluices, so - that the discharge which is 

„,,,„, Google 
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forced down from the Ganges can be entirely ad- 
mitted to the canal, or can be entirely allowed to 
escape again to the Ganges, or any portion of it 
that may be required can be admitted. From the 
Myapore head-slnice to Boorkee the canal passes 
through the Khadir of the Ganges, from that point 
it follows the high land of the Doab. During its 
course through the khadir the canal flows nearly 
parallel with the foot of the hills and crosses all the 
streams, torrents, and draioages which flow from 
them. In the sixth mile the Ramipore torrent, which 
has a catchment basin of about 45 square miles, is 
carried across the canal by a masonry work termed a 
super-passage. This work is, in fact, an aqueduct 
carrying the torrent aci'oss the canal. The waterway 
provided for the torrent is 196 feet broad and 14 feet 
deep. In the tenth mile the Puttri torrent, which has 
a catchment basin of 80 square miles, is carried across 
the canal by a masonry work of similar design to the 
Bamiporo super-p^sage, but the width of the water- 
way is 296 feet instead of 196. These torrents are 
subject to sudden floods of great Tiolence. 

In the thirteenth mile the canal encounters the 
Butmoo torrent ; this torrent has a catchment basin of 
about 126 square miles, it is about 21 miles in length, 
and the slope of its bed is about 8 feet per mile. This 
torrent is boldly admitted into the canal itself * over a 



• " Beport on the GhingeB Canal Works," by Sir Proby Oautley 
part iii. vol. ii. 
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masonry inlet ; this inlet consists of a masonry plat- 
form prorided with sluices which at all periods, except 
when floods are running, are closed by gates. The 
torrent passes out of the canal over a masonry dam 
immediately opposite to the inlet. This dam consists of 
forty-seven sluices of 10 feet in width, with their sills 
flush with the canal-bed ; they are separated by piers 
3-J- feet thick. These are flanked on each side by five 
sluices of the same width, but having their sills raised 
to a height of 6 feet, with intermediate piers of the 
same dimensions as those in the centre sluices. On 
the extreme flanks are platforms raised to a height of 
10 feet above the canal-bed, and corresponding in 
height with the rest of the piers. The amount of 
waterway, therefore, through the sluices, up to a 
height of 6 feet, is equal to 470 feet in width ; to a 
height from 6 to 10 feet, it is increased to 570 feet; 
and when flood-water rises above that height, the 
water passes over the full extent of the masonry, 
which is 800 feet in width. 

A regulating bridge is built across the canal im- 
mediately below this inlet and escape, so that the 
supply of the canal itself below the influx of the 
torrent may be independent of the amount of water 
which the torrent may throw into the canal. This 
regulating bridge is precisely the same as the regu- 
lator at Myapoor; it is fitted with sluice-gates, so 
that the discharge of the canal can be accurately 
regulated by it. 

In the nineteenth mile, just before the canal leaves 
the khadir of the Ganges, it crosses the Solani river 
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by an aqueduct. The Solani drains an area of about 
216 square miles ; it has a discbarge in the highest 
floods of about 35,000 cubic feet per second, the fall 
of its bed being, in the neighbourhood of the caual, 
about 5 feet per mile. The aqueduct which carries 
the canal across this river has a total length of 15,700 
feet. The banks of the canal on the up-stream side 
of the aqueduct are revetted by masonry steps for a 
distance of 10,713 feet, and for 2,723 feet on the 
down- stream side. The bed of the canal is raised 
considerably above the level of the country in the 
valley of the Solaoi river for a distance of about If 
miles above the aqueduct, and for about ^ mile 
below it ; the greatest height of the canal-bed above 
the country at any point is about 24 feet. In the 
construction of this great embankment many methods 
of work were used. The last method was that of tilt- 
waggons drawn by a locomotive ; this was supposed 
to be the first locomotive ever used in India ; it was 
started on the 21st of December 1851. The aqueduct 
itself conBists of fifteen arches of 50 feet span each 
through which the Solani flows; the extreme width 
of the foundations of the aqueduct ' is 252 feet. The 
waterway of the aqueduct itself is 172 feet broad ; it 
is divided by a continuous wall along the centre, and 
piers fitted with grooves are built at each end, so 
that by planking up the grooves one-half of the aque- 
duct can be closed if necessary. 

In addition to the two works where torrents are 
carried across the canal in super-passages, the work 
by which the Rutmoo torrent flows actually through 
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the canal itaelf, and the great aqueduct which carries 
the canal over the Solani, there are in the first 20 
miles of the Qanges canal do less than five masonry 
works which admit smaller drainages into the canal ; 
the waterway of two of these minor works is 50 feet 
broad, there is one of 30 feet, one of 100, and one of 
160. 

After it reaches the high land of Roorkee, the main 
canal follows the high land between the West Kalli 
nuddi and the Ganges, the canal flows to the east 
of MozufEnrgur and to the west of Meerut ; after 
passing Ueerut the canal takes a rather circuitous 
course, following the high land nearly up to Bo- 
lundshuhur, it then runs for some distance almost 
parallel to the East Kalli nuddi for a short distance 
below Allygurh ; here the main canal terminates, or 
rather, it bifurcates into the Cawnpoor and Btawah 
branches. 

The Cawnpoor branch flows on the high land be- 
tween the rivers Bsun and Rind, and flows into the 
Ganges at Cawnpoor ; it is J 70 miles in length and 
navigable throughout. At the point of the bifurcation 
of the main line a masonry regulator controls the dis- 
' charge down this and the Etawah branch. 

The Etawah branch follows the high land between 
tbe Seyngoor and Rind rivers, and after a course of 
170 miles flows into the Jumna near Humeerpore. 

The Futtehghur or Anoopshuhur branch leaves 
the main tine at the fiftieth mile of its course ; it 
flows parallel to the Ganges at a distance of about 8 
miles from the river, past Shahjahanpore to Anoop- 
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shuhur, at which point it formerly terminated, falling 
into the Ganges, after a course of 82^ miles, a little 
below the town. 

The BoluDdshuhur branch leaves the main canal 
at its one hundred and tenth mile ; it flows between the 
Kurwun and Futtia nuddis. In the scheme of 1864 
it was intended to be 45 miles long, but only 11 
miles of it were opened in 1876. 

The Kole branch leaves the main canal in the one 
hundred and fifty-second mile ; it forms a cross line of 
communication to Anoopshuhur. 

The nature of the country offers abundant facilities 
for the construction of escapes from the canals. 
These are necessary on account of the great length 
of the canals and the large body of water they carry. 
In addition to the works of the Rutmoo torrent, which 
can always be used for the escape of water, there are 
five escapes on the main canal, in the sixty-second, 
sixty-ninth, eighty-Beventh, one hundred and forty- 
first, and one hundred and sixty-sixth miles. On the 
Oawnpoor canal there are four escapes, and there are 
three on the Etawah line in addition to others on the 
minor branches. 

Up to the end of 1877-78 the actual expenditure 
on the canal had been three million and fifty-five 
thousand and fifteen pounds. The area irrigable is 
1,205,000 acres. 

Agra Ganal. 
This canal was formally opened in March 1874. 
Irrigation- commenced from it in the following cold 
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weather; it commands an area of 375,800 acres as 



follows : 



Delhi District 
Qoorgaon Dietrlct . 
Muttra District 
Agra District 



Total in British Territory 
Bhurtpoor District 

Gtand Total . 






875,800 



The project was first contemplated at the time 
when the committee was appointed to inquire into 
the question of the remodelling of the Ganges canal; 
that was in 1 864. It was pointed out at that time 
that water might be drawn from the Jumna below 
Delhi to supplement the irrigation of the Ganges- 
Jumna Doab, and to afford navigable communication 
from Delhi to the Ganges canal. This idea was further 
discussed by the Ganges Canal Committee of 1866. 
They suggested that not only might the Ganges canal 
system be thus supplemented, but that it would be 
possible to construct a canal on the right bank also to 
irrigate the Muttra and Agra districts, which appeared 
applicable for irrigation. The committee proposed to 
take oS this canal from the pool above the same weir 
which it was proposed to build across the Jumna 
below Delhi. 

The discharge of the Jumna at Delhi, in the dry 
seasons of the year, is about 700 cubic feet per second, 
although at that time the Eastern and Western Jumna 
canals draw oS the entire discharge of the Jumna as 
it passes through the Sewaliks. 

8 
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In November 1867* rough projecta were submitted 
for a weir across the Jumna and canals to be led there- 
from on both sides. Two of these were for a canal 
towards Agra. In both the len^h of main canal was 
128 miles, with navigable junctions to the cities of 
Huttra and Agra and to the Western Jumna canal at 
Delhi. A weir across the Hinduu river on the left 
bank of the Jumna, and a channel connecting it with 
the latter, were also included. Tliese were originally 
recommended by the committee of 1866, to supplement 
the available supply from the Jumna in the winter 
season, as well as for navigable comrannication. 

The first of these projects contemplated the dis- 
tribution of 1,100 cubic feet per second in the winter 
season, 2,000 cubic feet in the summer, and was esti- 
mated to cost eight hundred and forty-three thou- 
sand nine huudred and eleven pounds. The second 
provided for a constant discharge throughout the 
year of 1,100 cubic feet per second at an estimated 
cost of five hundred and seventy-seveu thousand siz 
hundred and ninety-five pounds, on which the returns 
were calculated at forty thousand three hundred and 
thirty-three pounds, or about 7 per cent, on the out- 
lay. It was at the same lime pointed out that the 
available supply of water in the Jumna in the winter 
season was only sufBcient for the canal on the Agra 
side, and that any additional quantity obtainable from 
the river in the summer would probably be more 

* Acooauts of ladiTidu&l Productire Works in ladia for tbs 
year 1B76-77. Calcutta, 1879. 
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urgently required in the districts to the westward com- 
manded by the Western Jumna canal. In its orders on 
these proposals, dated the 11th of September 1867, 
the Government of India approved generally of the 
second project, and directed the scheme to be worked 
out in detail, but so that the channels could, if neces* 
sary, carry an extra depth of 2 feet of water. 

lu 1868, the scheme, in so far as it contemplated 
irrigation on the left bank of the Jumna, was finally 
abandoned and attention was entirely directed to the 
Muttra and Agra districts. 

The commencement of the works was sanctioned in 
September 1868 for purposes' of famine relief. Dif- 
ferent portions of the works were provisionally sanc- 
tioned and put in hand during the three years 
immediately following. Detailed estimates amounting 
to five hundred and eighty-three thousand four hun- 
dred and seventy pounds were meanwhile prepared, 
and were eventually sanctioned by the Secretary of 
State in April 1872. 

The main features of the project were : — 

Discharge at head in the summer, 2,000 cubic feet 
per second. 

Discharge at head in the winter, 1,100 cubic feet 
per second. 

Length of main canal for navigation as well as irri- 
gation, 140 miles. 

Short navigable junctions to Agra and Uuttra. 

Three escape channels. 

Length of distributaries, 288 miles. 

Junction with the Hindun river, about 9 miles. 
8 • 
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The navigable junction with the Western Jumna 
canal at Delhi, which had been included ia the pre- 
vious estimates, was omitted from this, as it was to 
be provided for in the scheme for rectifying the latter 
canal. The coat of embanking the river for some 
miles above the weir was an item of considerable 
amount in the estimate. 

In 1875 it was found necessary to re-estiraate the 
work. The estimate stands as follows : — 





Ab flnally reviMid 
in 1876. 


Worka . . . . 

Toole and Plant 

Establighmeot 


. 588,310 
. 41,685 
. 134,498 


Total direct outlay 


. 764.443 



Capitelization of abatement of land reTenue 

on land occupied .... 393^ 

ProviBion for leave and pensioii allowances 83,624 

Interect on outlay during conatruction 96,000 

Total indirect chaj^ea . . 168,464 

Grand Total . 982,907 

The returns were estimated as follows : — 

£ 

Water Eatea .... 97,000 

MiBc«llaneoua, including narigation tolls . 81,000 

128,000 
Deduct Maintenance 88,000 

Net profit 90,000 

or about 10 per cent, on the capital. 

The headworks of the canal are situated at Okla, 

about 10 miles below Delhi. The weir across the 
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Jumna was the first attempted in Upper India on a 
river haviog a bed of the very finest sand. The weir 
is about 800 yards long and* 7 feet aboVe the sum- 
mer level of the river. The maximum rise and fall 
of flood at the weir site is about 11 feet, with a velo- 
city of 6^ miles per hour. Consequently, the ob- 
struction caused bears a large proportion to the 
sectional area, being more than four-Bevenths of it, 
and hence the afflux is considerable, as there is a 
difference of nearly 3 feet between the upper and lower 
water when the flood is at its highest. The action 
on the lower slope is very severe, and notwith- 
standing the large size and weight of the stone, a 
good deal of dami^e was done the first season by the 
upper courses being torn up, though this was partly 
due to the stone not being so perfectly packed as is 
necessary. As this action was confined to only a 
particular part of the weir, the addition of perpen- 
dicular walls, which were recommended, will probably 
make the apron perfectly secure from further damage. 
The rear slope of this work has been built at 20 
to 1, or double that of the Orissa works. The weir 
walls are laid on the river-bed itself without any block 
or well foundation, but with a good protection of 
stone on the up-stream side. The first year the floods 
silted up the river-bed considerably, and the front 
wall is, consequently, thoroughly embedded, and has 



* " Irrigatioo Works in India." Lectures delivered at Chatham 
by Colonel F. H. BundaU, CSJ., RE., in 1876. 
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neTer showo the slightest symptom of settlement. 
The weir has only one set of uader-sluiceB on the 
side on which the Agra canal takes off. An embank- 
ment along the river-margin for about 8 miles pro- 
tects the low land from inundation, and is necessary 
to prevent the flank wall of the weir from being 
turned. 

From Okla the canal follows the high land between 
the Kbari nuddi and the Jumna. Its course is fairly 
parallel with the Jumna throughout at a distance of 
from 3 io 12 miles from the bank of the river. The 
canal finally tails into the TJtongou river about 20 
miles below Agra. Branches connect the canal with 
Muttra and Agra ; both of these are navigable, and 
the latter has a look into the Jumna, so that, as the 
main line is itself navigable, boats can pass from 
Delhi into the Jumna again at Agra. . Distributaries 
are thrown ofE from the main canal on both sides. 
There are 313 miles of distributaries from the canal. 
The discharge of the river at Okla being entirely 
withdrawn by the Agra canal in the cold weather 
completely stops the navigation of the river above 
Agra ; but as the canal is navigable throughout, com- 
munication, on the right bank of the river at any rate, 
is rather facilitated than otherwise. 

Notwithstanding the great excess in the cost of the 
works the ratimated returns are larger than were 
anticipated in 1872, owing to increased water-rates 
which have been levied for the first time on this canal. 
During 1877-:78 a return of 1 per cent, was ob- 
tained, 
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Dun Canals. 
These canalt) are situated to the north of the 
Sewalic range, between the Jumna and the Ganges 
rivers ; the vatle; in which these canals lie is 48 miles 
long* and in the centre it is considerably elevated, 
the ridge extending from the Himalayas to the Sewa- 
liks, and dividing the valley into two portions with 
two distinct slopes of drainage to the east and west. 
The Asnu and Suswa rivers rise on this central ridge^ 
the former going to the Jumna and the latter to the 
Ganges. All the elements of a good system of drain- 
age are here naturally provided. On the Asnu side 
there is a torrent called the Tonse, across which a 
dam is thrown and watercourses are carried in various 
directions from the -other streams, to irrigate the 
valley. There are five canals, ^gregating 67 miles 
in length; namely, — 







11 


The Rajpur Watercouiwg 




. 12 


The Kata Father Canal 




19 


The Salimga Watercourse 




. 13 


The Jafchuu Watercourse 




12 




Total 


. 67 



The total capital cost of the works to the end of 
1877-78 has been sixty-two thousand four hundred 
and fifty-two pounds. They have returned over 6 per 
cent, interest lately. 

* Statement of the Moral and Material Progress of India, 
1872-73. 
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Bijnor Canals. 
This small system of canals draws its supply from 
a small stream in the district of Moradabad. It com- 
mands an area of 4,000 or 6,000 acres. The capital 
cost of the works was only six thousand nine hundred 
and ninety-six pounds. It pays 11 or 12 per cent, 
on its cost, and has always been a remunerative little 
work. 

Bohilkhund Canals. 
This group of irrigation channels consists of — 

UiiM. 
The Pah& and Barour Canals .47 

fiitcba Dhora Canal .85 

Bai^ Canal . .95 

Eailas Canal .29 



These canals are situated in the district of Bareilly ; 
they irrigate a belt of country along the terai where 
much rice is raised. The country in this district, 
between the Ramgunga river and the Sarda, is inter- 
sected by a number of small streams from which 
channels are led.' An extensive scheme for the irri- 
gation of this district from the. Sarda river was sub- 
mitted in 1871 by Major (then Captain) J. G. Forbes, 
E.G., but up to the present time nothing has been 
done upon it. 

The capital cost of the Bohilkhund canals is one 
hundred and forty-eight thousand two hundred and 
seven pounds. The works have not generally been 
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remunerative, but they have lately paid a small per- 



The Bunddkhund Ganals. 
These works are situated in the districts of Jhansi 
and Hamirpur ; they consist of small watercourseB led 
from tanks or lakes. 

The Lower Ganges Canal. 

In the memorandum written by Sir Arthur Cotton 
in 1863 on the works of the Ganges canal, he main- 
tained that the great fault which had been made 
was that of placing- the head of this canal so high 
up the river as Hurdwa, and he proposed to put ' 
weirs across the Ganges to irrigate the lower part 
of the Ganges-Jumna Doab. In 1868 the atten- 
tion of the Government was drawn to this matter 
by a note submitted by Colonel (now General) B. 
Straohey, Inspector- General of Irrigation Works, who 
recommended that the plan origiually suggested by 
Sir Arthur Cotton should be further considered. An 
investigation was made, and in June 1871 a complete 
project was submitted by the Government of the 
North- Wrat Provinces, but without fuUy detailed esti- 
mates.* 

This scheme comprised a masonry weir across the 
Ganges river from the point mentioned above, near 
the village of Nurora, about 3 miles below the crossing 



* Accoimta of the IndiTidual ProductiTe Worki in India for the 
year 1876-7?. Calcutta, 1879. 
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of the Oudh and Rohilkhund railway at Rajghat, 
from which a trunk line was projected, traversing the 
Allyghur, Etah and Mynpoorie diatricts crossing the 
Cawnpoor branch of the old Ganges canal, 76 miles 
above its terminus, thence running not far to the 
westward of the town of Oawnpoor, and so through 
the district of Futtehpoor along the southern side of 
the railway to Allahabad. A branch was led off to 
supply the old Cawnpoor and Etawah branches of the 
Ganges canal, which were incorporated in the scheme 
of the Lower Ganges canal, their supply being almost 
entirely drawn from the new canals. The Ganges 
canal was thus relieved from the irrigation of 128 
miles of the, former and 130 miles of the latter. Other 
branches were projected between the drainages lines 
known as the Kalee, Esun, and Synegour nullahs. 
Navigation waa provided from the head to the Jumna 
at the termination of the Etawah branch at Allah- 
abad, and to the Ganges at the termination of the 
Cawnpoor branch. 

The full supply of water which it was calculated 
would be available in each season, and for the dis- 
tribution of which the scheme provides, was as 
follows : — 

Sommer aeaaoa . . , 6,600 cubic feet per Becond. 

Winter „ . . . 3,270 „ „ 

of which 40 cubic feet in each season were reserved 
for still-water navigation, and 600 cubic feet were to 
be received from the old Ganges canal, leaving 6,000 
cubic feet and 2,770 cubic feet in each season re- 
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spectively to be drawn from the river at the new 
head. 

The area irrigable was estimated at 516,800 acres 
annually in each season, or 1,033,000 acres in all. 

The lengths of chaonels projected were — 



Main Canal 
Supply channel 
Futtehgorh Branch 
Jlunjuck „ 



Cawnpoor 



Oawnpoor Branch Extension 

Still-water channel to Allahabad 

„ „ Futtehjpirh 



131 
183 
12 



846i 



of which 682^ miles were new, 264 miles were por- 
tions of the Cawnpoor and Etawah branches of the 
old Q-anges canal. 943 miles of new distributaries 
were provided for, which with 617 miles of existing 
channels appertaining to the old Ganges canal made 
a total of 1,560 miles of distributaries to be supplied 
by the new project. 

The navigable channels were as follows : — 

HiiM. 

Main Canal .... 
Main Oanal, still-water channel to Allahabad 
Cawnpoor Branch 



Supply channel 

Jhinjuck Branch 

Fnttehgurh still-water channel 
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or 634^ miles out of the total length of 846 miles. 
Escape channels were also provided, aggregating 9 
mUes in length. 

The cost was estimated at one million eight hun- 
dred and twenty-five thousand eight hundred and 
forty-five pounds. Interest and other indirect charges 
were not included in this estimate. Adding the cost 
of the portions of the Cawnpoor and Etawah 
branches taken up in the new scheme, amounting to 
four hundred thousand six hundred and seventy- 
eight pounds, the total cost of the project came to 
two milUon two hundred and twenty-six thousand five 
hundred and twenty-three pounds. 

The probable returns were estimated at 8*8 per 
cent, on the gross outlay of two million two hundred 
• and twenty-six <thouBand five hundred and twenty- 
three pounds. 

The project met with the approval of the Government 
of India, except certain portions designed expressly for 
purposes of navigation. They especially objected to 
the navigable channel to Allahabad, on which it was 
remarked that it was doubtful how far it would be 
expedient to incur considerable outlay for navigation 
on the narrow strip of the Doab extending from Cawn- 
poor to Allahabad, which was parallel both to the railway 
and two great rivers. On the 12th of March 1371 the 
Secretary of State telegraphed permission to com- 
mence the preliminary operations for the weir, and 
the general sanction of Her Majesty's Government to 
the project was received on the 14th of March 1871. 

Work was immediately commenced on the project 
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as approTe<l, but it was soon evident that the first 
estimate waa insufficient, and a revised estimate was 
called for, which was ultimately submitted by the 
Government of the North-Weat Provinces in June 1876. 
This estimate, which was for the same project with 
a very few trifling alterations, was as follows : — 

Direct cIiargeB — 
Worts 
Establishment . 



2,225,610 
445,102 



Tools and plant 
Deduct sales 



115379 
48,374 



67,505 



Total cash ontla.r 




2,738,117 


Indirect chafes — 






Capitalization of abatement 


£ 




of land revenue . 


164,782 






251,496 




Allowance for leave and pen- 






sion allowances 


111,275 




LoBB hj exchange 


10,000 


527,55S 



If to this is added the former oatlaj on 
the Oawnpoor and Etawah bnnchea 
plus the estimated indirect charges 
thereon, an aggregate of 

the gross outlaj estimated on the 
entire scheme omonntt to 8 

The estimated returns were as follows :■ 



Water rates 

Navigation tolls on 405 miles, at ^10 

Miscellaneoua 

Gross income 
Deduct — Maintenance . 

Net 



385,000 
4,050 
5,000 

3H050 
80.000 

814,060 



Q,ym.et,D>. Google 



126 



THE lEEIQATlON WORKS OP INDIA 



or a net return of about 8^ per cent, on the total 
ontlay, three million seven hundred and sixty-eight 
thousand and ninety-five pounds. 

The main differencea between the projects of 1871 
and 1876 are as follows : — 



Area commanded .... 


OrigiM], 1871. 


Be»i«d, 1876. 


8q. Hilei. 
8,334 


8q. MU«8. 
8,673 


Area culturable .... 
Area of irrigation— 

Sammercrop . 

Winter „ . . . 

Total 


Aorai. 
8,229,998 

fil6,800 
516,800 


AOTM. 

3,529,839 

4flO,000 
720,000 


1,033,000 


1,120,000 


Full supply of water- 
Summer 

Winter 


C. Ft. per MO. 
6,600 
3,270 


C. Ft. par AM. 
5,000 
4,500 


Length of nanaj ch&Dnel 

„ of eecapeB .... 

„ of naTiga.ble cbauaela , 
DiatributarisH to mile 183 


UilM. 

4824 
1,560 


HilM. 

42li 
1,834 



"While these revised estimates were under con- 
sideration, a proposal was submitted by the Govern- 
ment of the North-West Provinces for abandoning. the 
projected main line below the junction with the Cawn- 
poor branch (at its one hundred and seventh mile), 
and diverting the surplus water through the supply 
branch to the Etawah district. This proposal was made 
on the ground that irrigation was not needed on a length 
of 80 miles of the canal as projected. This modification 
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wa3 not at first approved, as it was considered likely 
to postpone indefinitely the completion of a through 
navigable line to Allahabad ; but after some corre- 
spondence the proposal was agreed to on the grounds 
that it would limit the scope of the project for the 
present to'an extent of country proportiocate to the 
volume of water available for purposes of irrigation 
in years of drought, and that navigable communica- 
tion with the Jumna at Allahabad- could still be 
carried out should this hereafter prove to be de- 
sirable. , 

This plan, which is practically that originally pro- 
posed, with the omission of the length of the main 
canal below its junction with the Cawnpoor branch, 
has been approved, and the works hare been sanc- 
tioned and vigorously pushed on. Up to the end of 
1877-78 one million two hundred and sixty-seven 
thousand one hundred and twenty-five pounds had 
been expended on this work. 

TTie Eastern Ganges Canal. 

This canal was projected with the object of irri- 
gating the districts of Bijnour, Muradabad, and 
Budouan lying betireen the Ganges and the Ram- 
gunga rivers in Western Rohilkhund. The head of 
the canal was to be on the Ganges, about 12 miles 
below the head of the Ganges canal itself. The main 
line after a course of about 150 miles was to join 
the Ganges again about 40 miles "above Futtehgurh. 
A branch called the Amroha branch, about 100 miles 
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in length, was to command the more eastern por- 
tion of the Doab. The scheme has not been proceeded 
with for several reasons, one of the most important 
being the doubt as to the supply available. 
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CHAPTER TIL 

PUNJAB IBBIOATION WOBKS, 

The Punjab FlaiDs. — Are& protected. — ^Weetem Jonma Canal.— 
Ban Doab Canal. — Lower Satlaj and Chenab Inundation 
Caoids.— Upper Sutlej and Chenab Innndation Canals. — 
Indus and ObenBib Inundation CanaU. — Delhi and Goorgaon 
Canals. — Shohpur Canal. — Sirhind Canal. — Swat BiTer OanaL 

The need of the Punjab for irrigation is very 
plainly shown by the statement of rainfall (page 10, 
Chap. I.). "When the six rivers,* the Sutlej, the 
Bias, the Bavee, the Chenab, the Jhelum, and the 
Indus, issue from the Himalayas, they come upon a 
narrow belt at their feet, where the supply of rain 
is plentiful. The rivers then enter the northern dry 
zone, where they spread wealth and fniitfulneas along 
the banks ; in the course of ages, they have out deep 
down through the soil, and left high land on either 



* Statement of Moral and Material Progresa and Condition of 
India, 1872-78. 
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side, the yalley being from 10 to 50 feet belo* the 
central plateau. The fertility is consequently con- 
fined to the low valleys, 4 to 10 miles wide, over which 
the rivers meandfer from side to side, and are only 
checked by the steep scarps which they have them-- 
selves gradually formed. The low land by the rivers 
is called " khadir," and the high and Bterile tracts on 
either side " bangjir." The bangir lands form the 
doaba between the rivers. Though the soil is fertile, 
cultivation must depend upon the scanty rain, unless 
it be supported by artificial irrigation. Large por- 
tions of the bangir are covered with grass or brush- 
wood, or are entirely waste. The general surface of 
the Punjab slopes southward from the Himalayas at 
a considerable gradient, and as the rivers converge, 
the depth of the river-beds below the plain is reduced, 
and eventually tbe bangir is lost sight of, and low 
kbadir extends across the entire area between the rivers. 
But here the rivers enter the arid region, where there 
is very little rain. The country would be a scorched 
and uninhabited waste if the water of the Himalayas 
was not led over it to convert it into a garden. 

The area of the Punjab* between the Indus and the 
Jumna is roughly estimated at 56,000 square miles. 
In this district the rainfall is only about 22 inches 
annually. Only about 17,500 square miles of this 
area may be said to be protected by works of urriga- 



* " Beriew of IrrigatJon Sobemee vith reference to Fuuine 
ABpects," by Colonel F. H. Bondall. Appendix of Seport of 
Select Committee on Indian Fablic WorkB, 1878. 
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tion which either are or will soon be oompleted. 
protected areas are : — 



The 



By Baree Doab Oanal 


. 8,000 


:^ JuUnndar Doab . 


. 1,000 


By Sirhind Canal . 


. . 8,600 


By Western Jumna Canal . 


. 1,000 


Inundatioii Canals • 


. 1,000 


Total . 


. 1?,500 






The unprotected areas are : — 




SindSftgarDoab 


. 12,600 


Jet<iDo»b .... 


. 3,000 


BechnaDoab 


. 12,000 


BmeDoab .... 


. 9,000 


Siraa and HiBur 


. 2,000 


Total 


. 88,600 



In these districts also the means of communication 
are very scanty. The statement on p. 132 gives the 
names and some statistics concerning the canals of the 
Punjab. 

Western Jumna Oanah. 
'The Western Jumna canals were the first works of 
the kind taken in hand by the British Government. 
An interesting account of " The Eestoration of the 
Ancient Canals in the Delhi Territory,"* by Major 
Colvin, was published in 1833. In 1846 Lieutenant 



* Asiatio Sodety's Jonnuil for Manh 1 
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Yule* published " The Canal Act of the Emperor 
Akbar, with some Notes and Remarks on the History 
of the Western Jumna Canals." In this paper appears 
a copy o£ a " Sanad of Akbar Shah Badshah, dated 
Shawal A.H. 978 [a.d. 1568] at Firozpur in the pro- 
vince of Lahore," from which it appears that about 
A.D. 1351 Firoz Shah " brought water from the nalas 
and draans in the vicinity of Sadhaura at the foot of 
the hills to Hanai and Hissar, and by which for four 
or five months in the year water was then available." 
These works of Firoz Shah seem to have been allowed 
to fall into disrepair, for Akbar in this Sanad of 1568 
Hays, " Now that I have given the district (sarkar) of 
Hissar to the great, the fortunate, the obedient, the 
pearl of the sea of my kingdom, the star of my 
government, the praised of the inhabitants of the sea 
and land, the apple of my kingdom's eye, my son 
Sultan Mubamad Salim Bahadur (may God grant him 
long life and greatness), my wisdom wishes that the 
hopes, like the fields of those thirsty people, may, by 
the showers of liberality and kindness, be made green 
and flourishing, and tbat the canal may, in my time, 
be renewed, and that by conducting other waters into 
it, it may endnre for ages. 

" For God has said, from water all things were 
made. I consequently ordain, that this jangle, in 
which subsistence is obtained with thirst, be converted 
into a place of comfort, free from all evil." 



• Joonul of the Asiatic Society for Uarcli 1846, No. OLSXL. 
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The Saoad goes on to record how Akbar ordered 
the canal to be " excavated deeper and wider than 
formerly," and how this waa done by the superin- 
tendent of the work Muhammad Khan Taskhan. 
Akbar seems to hare recognised the value of planta- 
tions on canal-banks, for he ordains that "on both 
sides of the canal down to Hissar trees of every 
description, both for shade and blossom, be planted 
BO as to make it like the oanal under the tree in 
Paradise." The diflSculty, which every oanal officer 
in India knows too well, of cultivators taking more 
than their due share of water was a difficulty evi- 
dently in Akbar's time, for his Sanad says : " Every 
Furganah will be satisfied with the number of outs 
made by the Mirab* and take no more ... He haa 
power to punish as he sees fit everyone who t^es 
water out of season." There appears to be some 
doubt as to the genuineness of this Sanad, but 
Lieutenant Yule considered it authentio. It seems 
strange that Akbar speaks of the new canal being fed 
" from the nalas and streams . in the vicinity of Sa- 
dhaura,"t as though it were not fed by the Jumna 
itself. Lieutenant Yule supposes that the real source 
of supply was the Jumna, as the Emperor speaks of 
the canal supplying water all the year round, and that 
the supply was led across the Soub nala, flowing into 
it and out of it again. He gives the following : — 



* The Bapermtondeiit of the canal. 

t A town of the XTmballa diBtrict, about twenty miles west of 
the Jnnuu. 
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Chronology of the Western Juvma Canal. 

1351. Firoz Shah brought a stream down the 
ohannel of the Chitang to Hansi and Hissar. 

About 1468. The waters of the above-named chan- 
nel ceased to flow further than the lands of Kythal. 

1568. Akbar re-excavated the wor^ of Firoz, and 
brought a supply from the Jumna and Soub by the 
]vesent line into the Chitang. 

About 1626. From the last-named line Ali Mardan 
Khan drew a canal to Delhi ; first by way of Gkihana, 
and afterwards, on that failing, by the present ohannel, 
passing near Faniput and Soneput. 

1707. The water ceased to reach Hariana. 

1740. Ceased to flow at Safidun. 

1753 to 1760. The Delhi branch ceased to flow. 

1817. Captain Blane appointed to restore Delhi 
canal. 

1820. The water again entered Delhi. 

1823. Restoration of Firoz's or the Hansi branch 
commenced. 

1825. The water turned down the Hansi branch. 

In 1626, to supply the fountains of the Imperial 
Palace which the Emperor Shah Jehan was building 
near the site of old Delhi, a branch was taken off 
from Firoz Khan's canal by Ali Murdan Khan, or, 
perhaps it may be more correct to say that Ali Mur- 
dan Khan took advantage of the old canal of Firoz 
and utilised some portion of it. The canal for some 
portion of its course was made to follow the low 
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ground up to a place called Gobana. It seems probable 
that this low ground was made into a reservoir by 
a large embankment at its lower end, for it is men- 
tioned in Major Colvin's paper, before quoted,* that 
the town of Lalpur was entirely destroyed by the 
burating of this embankment, and that after this 
accident the alignment of the canal was altered by 
canying it on the natural ridge of the country. In 
order to maintain the level necessary to carry the 
water into the city of Delhi, it is carried in high em- 
bankment across an intervening hollow, the bed of the 
canal being above the level of the country. The 
lowest part of this hoUow is crossed by an aqueduct 
in masonry. The drainage of the hills west of Delhi 
was led across the canal by a masonry aqueduct. 
There is one part of the canal which runs in a rock- 
cutting 60 feet in depth at the deepest part. The 
water which was carried by this canal into Delhi ran 
through the city in open watercourses. Large areas of 
ground were irrigated from it; the revenue derived 
from it is supposed to have been very great. As the 
supply was dependent on the yearly construction of 
an earthen bund across the Jumna, it is probable that 
in times of war and commotion the canal was not 
utilised and that it gradually fell into bad repair. It 
appears to have been in efficient repair up to about 
1760. 

The British Government appears to have first 



* Asiatic Society's Jonrnal for Marcli 1888. 
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thonglit of tbe possibility of reopeniDg and improving 
these canals in 1810, when Lieutenant Macartney sub- 
mitted a survey and proposal ; but it was not until 
1817 that anything was done. In that year Lieutenant 
Blane commenced work on the Delhi canal, irrigation 
commenced in 1819, and the water was again intro- 
duced into Delhi in 1820. A few years later, in 1823, 
Major Colvin commenced the restoration of the canal 
of Firoz Shah. In the paper above quoted he gives 
an account of the work done — the clearance of the 
old line from Rair to Ghannee, tbe extension of the 
main line, and the formation of several branches. 
The earthen dam across the Somb was replaced by a 
masoniy one, and other masonry works were con- 
structed. The expenditure up to the 30th of April 
1847 on the permanent works of tbe Jumna canals is 
given by Major Oolvin in the following table : — 

Worki. Bs. 

Maeonrf Works 
Iron iuepeniion Bridges 
Earthworks . 
Ezperimental Work at Kolaora 
PlaQtatiODB 

Hangoe Plantation b at Gunga Tawli and 
Kiimal ..... 2,520 

Qrand Total, Co.'s Bapees . 1,381,024 

The united length of the main lines of the Western 
Junma canals is given as 433 miles. Of these 290\ 
miles are on the old alignment and 142^ are new lines 
entirely. The 290^ miles of the old native lines are 
chiefly through natural hollows in the country, 84 



21,461 
682,560 
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milea being in old channels of the Jumna, only 96^ 
milee being artificiallj cut. 42 miles of the New 
British lines follow old nataral hollows, and the re- 
mainder of the 142^ miles are artificial cuts. The 
small cost of the restoration of the channels is due to 
the large use made of natural hollows. The lengths 
of the several channels are as follows : — 

Hilea. 

Main Idue . 102 AH oa old aligiuaent except 

five milea. 
Dellii Bnuicli . 7fi On old ali^ment 
H&iui Brancb 140 96^ on old and 48^ on new 

alignment. 
Bahtuck Blanch . 43 22 miles on old and 21 milM 

on new alignment. 
Brella Branch 10 ^ 

Bootana Branch , 85 > All new. 
Dnrba Branch 28 3 

The supplj is derived from the Jumna at the point 
where it leaves the Sewalic range of hills, where the 
stream is rapid, the fall great, and the bed coDsists of 
shingle and boulders. In the cold weather the stream 
is generally confined to one or two only of the nu- 
merous channels into which the bed is Subdivided. 
These are all filled by the high floods of the rainy 
season. One of these branches is appropriated to the 
Western Jumna, which leaves the river at a point 
called Hathni kund (the elephant's pool), nearly oppo- 
site the old palace of Badshah Muhal, returning to 
the main stream after a course of 25 miles. 

* Moial and Material Frogregs and Condition of India, 
1872-78. 
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The supply used to be increased bj deepening the 
ohannel, and throwing out a spur into the main 
stream, which was extended right across in seasons of 
drought. Additional supplies are now thrown into this 
western branch by two feeders, one called *' Oolvin's 
cut," the other a natural hollow. The materials for- 
merly used for the dams were boulder-stones and gravel 
filled into large gabions of coarse baaketwork. 

After leaving the old channels of the Jumna the 
canal runs in an excavated channel to the FutraUa 
river, it then occupies the bed of the Putralla to its 
confluence with the Somb. There was great diffi- 
culty in restraining and regulating these torrents. 

An earthen dam used formerly to be yearly con- ' 
structed across the hiU torrents Somb and Putralhi, 
just above their junction with the Jumna. This was 
carried away yearly by the rains. In 1830 Colonel 
Colvin obtained sanction for a permanent masonry 
dam, which was completed in 1833; it was divided 
into sixty openings, the total width being 777 feet. 
The dam is closed with planks when the floods have 
passed. After passing, the Somb the canal is taken 
through an excavated channel parallel to the Jumna, 
into an old nulla near Bureau. From this nulla it flows, 
partly down natural ravines, to Kamal, 60 miles below 
Dadupur. As far as Karnal it lies entirely in the 
Ihadar or low land of the Jumna. At Kamal it 
gains the level of the high country, and soon after- 
wards separates into two branches,, one passing on 
to Hansi and the other to Delhi. 

Thirty years after the opening of the canal it waa 
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foand that the indifferent system of regulation which 
was due to the absence of any permanent headworks, 
and the lavish expenditure of water in some portions 
due to the imperfectly constructed and badly aligpaed 
canals and watercourses, had given rise to serious 
evils which necessitated remedial measures ; consider- 
able areas were swamped and rendered unhealthy by 
the want of drainage works. In 1864* a full investi- 
gation into the condition of the canal was ordered. 
The report was submitted in 1865, but nothing ap- 
pears to have been done until 1869, when a portion of 
one of the new branches was commenced as a famine 
relief work. In 1870 the plan? proposed in 1865 and 
1867 were estimated for in detail, and the matter 
was laid before the Secretary ol: State in 1871, who, 
in that same year, sanctioned the carrying out of 
the following portions of the project : — permanent 
headworks, distributaries, and drainage works. The 
remainder of the proposed works, including new 
branches to the westward, were ordered to be post- 
poned. 

The new headworks were accordingly commenced, 
and the preparation of the detailed designs, and esti- 
mates for the distributary system and drainage were 
put in hand. In working out the latter it soon be- 
came evident that without radical alterations in the 
old system of main channels, it would be impossible 
to effect the main object of the proposed works, 



* Accounts of Individual Productive Works in India : Irriga- 
tion, X876-??. 
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viz. draining the irrigated tracts. The main line 
from the regulating worka at Dadoopoor to its entry 
into the high land about 6 miles south of Kurnal, 
runs as mentioned before, with the exception of the 
first three or four miles, in an old nullah skirting the 
high edges of the valley of the Jumna. This nullah 
is the natural drainage outfall, and at Kurnal the canal 
is the receptacle for the sewage of that large city. The 
lower portion of the main line, below the proposed 
bifurcations of the new Hansi branch, was the most 
objectionable with reference to the drainage. The Delhi 
branch, again, though carried on the high land, ob- 
structed the natural drainage outfalls along the greater 
portion of its course, and with the network of old 
watercourses was the main cause of the extensive 
swamping. Any attempts, under these circumstances, 
at draining the swamps must have been very costly, and 
the success of such works was problematical. These 
considerations led to the proposal to construct an alto- 
gether new main line from above Kurnal to near the 
city of Delhi, to be carried along the watershed, the old 
line in the valley of the Jumna being relegated to its 
natural use as a drainage line, and the outfalls on the 
high land below being thus freed from obstruction. 
This measure, with a properly laid out system of main 
distributaries, would, it was expected, render a com- 
paratively small outlay necessary on drainage works. 

These views met with the approval of the Qovem- 
ment of India, and sanction was accorded, by the 
Secretary of State in despatch No. 65, dated the 16th 
of July 1874, to carry out the project as thus altered. 
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The works comprised in the final project are as 
follows :■ — 

I. Permanent headworks on the Jumna aa before 
sanctioned. 

TI. New distributaries from Delhi branch. 

III. New main line taking off from the old channel 
about 15 miles above Kumal and terminating at the 
bifurcation of the Delhi branch, in substitution for 
the lower 50 miles of the existing canal. 

IV. New channel in substitution for the first 55 
mUea of the old Delhi branch, tbe remaining 20 miles 
to be remodelled. 

y. New channel for navigation only 9\ miles in 
length to connect the Delhi branch with the Agra 
canal lately opened. 

YI. Drainage works in the irrigated tract. 

VII. Improving the outfall into the river Jumna 
from the Nujufgurh Jheela, which are the natural re- 
ceptacle for the drainage from the irrigated distriota. 

The cost of the above works was estimated thus : — 



1. Pennanent Iieadworts 

2. Distribatariei (not indiiding Jhund) 

3. New main line 
. ( Delhi branch, n«ir portion . 

I „ remodelling old portion 

6. Navigftble junction from Delhi to Agra Canal 

6. Drtun^e worlcEi 

7. Nujufgurh Jheel drain 

Total Works . 
ProTinon for eetabliahment at 26 per oent. 
onaboTe .... 



56,408 



1U,884 
?21,917 
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The expenditure up to the end of April 1847, that 
ifl, before the ohief improTements were taken in hand, 
was one hundred and thirty-eight thousand one hun- 
dred and two pounds ; in 1873, before the above- 
mentioned works were sanctioned, the cost of the 
works was three hundred and eleven thousand six 
hundred and ninetj-three pounds ; at the end of 
March 1879 it was six hundred and fifty-five thousand 
three hundred and twenty-five pounds ; about eighty 
thousand pounds having been expended on the works 
in 1878-79. The works have always been very remu- 
nerative ones ; they paid about 8^ per cent, in 1847 
and about 16^ per cent, in 1878 on their capital cost. 
At the end of 1877-78 the accounts of the canals 
showed that the total receipts since the works were 
taken in hand by the British Goremment have exceeded 
the working expenses and the simple interest on 
capital, taken together, by about 2^ millions sterling 
or about four times the prime capital cost of the 
works. 

Baree Doab Canal. 

The country watered by tbis system of canals lies 
between the rivers Bias and Bavee. This Doab was 
considered, at the time of the annexation pf the Fun- 
jab, as the most important area to irrigate, as it was 
the cradle of the Sikh* nation and contained the great 



* Statemeat of the Hani and Material Frogrea of India, 
1872-78. 
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city of TJmritzar. One Bmall permanent canal already' 
exiBted in the Baree Doab. It was called the Husli 
canal, and was constructed in about 1633, by order 
of Shah Jehui, not for irrigation but to supply foun- 
tains to the royal gardens of Lahore. When the Sikhs 
acquired the sovereignty, they led a branch to TJm- 
ritear, to supply the sacred tank. The canal followed 
the natural line of drainage by a tortuous course of 
110 miles, and passed through low land which least 
required irrigation. However, a considerable* area of 
land, chiefly in the upper districts, was irrigated from 
it, but the alignment was so defective and the obstruc- 
tions to the drainage along its course so numerous that 
it was considered unadvisable to attempt its rectifica- 
tion as a main channel of supply. Portions of it 
were subsequently incorporated in the system of dis- 
tributaries from the Baree Doab canal, but only a 
comparatively small proportion of the total length was 
even thus utilised. 

The considerations which led to the projection of 
the new canal so soon after the territory came under 
British rule, were thus stated in the civil engineer's 
report of October 1851 : — 

" During the early period of annexation large bodies 
of Sikh soldiers, whose homes were in the Manjah, 
were disbanded, and being thrown out of their accus- 
tomed means of livelihood, had little encouragement 
to turn to agriculture in a country in which water for 



' Axicouitte of Individual ProdactiTe Worla in India, 1879. 
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irrigatioti was at the same time so scarce and indis- 
pensable. It became almost a matter of political' 
necessity to open works which would give immediate 
employment to labourers and an early supply of water 
for irrigation. 

The origini^ project for the canals was drawn up in 
1850 ; it comprised 466^ miles of canals and branches 
and 24 miles of escape^hannels. All the canals were 
to be navigable. The scheme was estimated at five 
hundred and twenty-seven thousand six hundred and 
ninety-seven pounds, and the retnms were expected 
to yield a profit of 27*47 per cent. 

The works were commenced in 1850. The area 
which was to be commanded was 654,000 acres. The 
canals were designed for a discharge of 3,000 cubic 
feet per second. 

In 1856 the scheme was revised and re-estimated ; 
the project, remained much the same, except that it 
was decided to alter the arrangements proposed for 
the hill torrents, which crossed the line of canal in its 
upper portion, by diverting them into the Beas river 
instead of passing them across the canal. The esti- 
mate of 1856, which did not include distributaries, 
amounted to one million three hundred and ninety-five 
thousand nine hundred and forty-nine pounds. The 
area commanded was the same as in the project of 
1850, and 12^ per cent, profit was expected. The 
lengths of the channels included in this scheme were 
as foUows ; — 
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\f^l^in line 
Eassore bnuusb . 
Sobraon . 
Laliore . 



Some portion of these canals were completed in 
April 1859, afid water was admitted in that year. 

Shortly after the opening of the canal, it was found 
that the rolame of water obtained from the Bavee for 
the winter crop was on the average much less than 
had been calculated on in designing the works. For 
the summer crop the full snpply of 3,000 cubic feet 
was ordinarily available. As the winter crop was the 
staple in the Punjab, it was evident that some ^tei^ 
tion in the distribution was required. Defects also in 
the channels similar to those on the Granges canal 
called for rectification, and the difficulty of maintain- 
ing the canal supply by temporary expedients led to 
the projection of permanent works on the Bavee at 
the oanal-head. 

The possibility of supplementing the canal supply 
from the Beas river had been suggested years before 
by Oolonel Dyas, and the question was carefully in- 
vestigated on the discovery of the deficiency in the 
Bavee supply. The probable cost of the project, 
however, proved to be so large that the idea was 
finally abandoned, and it was decided to utilise to 
the best advantage what the Bavee could yield in both 
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Proposals ^ere accordingly submitted, of which the 
following were generally approved by the Government 
of India in its letter No. 94 I., dated the 5th of June 
1868 :— 

iBt. The maximum ooM-weatber supply of the Ravee 
to be utilised ; no supply to be drawn from the Beas ; 
the water of that river was to be utilised separately. 

2nd. The available water-supply to be distributed 
rateably over the whole area affected by the canal, by 
re-arranging the capacity of the various channels, in- 
cluding the Kusoor and Sobraon branches. 

3rd. Navigation, as far as practicable, to be ar- 
ranged for along the main lines of the canal with a 
moderate amount of cross-communication. 

Up to 1868 no permanent headworks had been 
sanctioned, and only a portion of the main line and 
Lahore branch had been completed. In September 
1868 sanction was obtained for the construction of 
a permanent weir across the Bavee, and work on it 
was commenced. In 1870 sanction was obtained for 
the construction of the Easoor and Sobraon branches. 
In 1870 the estimated cost of the canal was one mil- 
lion seven hundred and seventy-four thousand and 
eighty-seven pounds, and the return was estimated at 
8"3 per cent. 

In 1874 the scheme as now constructed was finally 
decided upon. The lengths of main channels, com- 
pared with the project of 1856, are given on p. 148. 

There are 828 miles of distributaries taking off 
from the main line and branch canals. 

The supply of water calculated on varies from 1,850 to 
30 • 
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2,600 cubic feet per second in the winter season, and 
8,000 cubic feet in the summer, which may occasion- 
ally reach a maximum of 3,600 cubic feet. 

The scheme as now constructed was thus estimated 
in 1874 :— 

TotaL 



Capital debit aa booked on lat April 1873 

Ba^ weir and headvorfea' unspent baJ&nce 
of sanctioned estimate 

EufisooT and Sobraon branchai' unspent ba- 
lance of s&nctioned estimate 

XfavigatioQ channel, Lahore to Sutlej . 

Bectification and completion of main channels 
and completion of diatribatjjy sjatem 

Orand Total . 
Of this for navigation only 

Total, omitting additions for naTigations 



1,346,467 



197,764 
141,402 



1,8S!J,045 
229,846 



The irrigable area was calculated at 543,000 acres, 
and the length of navigable channel 192 miles. 
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The returns were thus estimated : — 



Water rate . 

" Water advantage " 


rate . 
Total 


. 132,828 

. «l,7a6 
8,688 


Dedndr- 
Mamtenanoe 


. 182,241 

. 40,m 




Net profit 


. 141,516 


Nafigation Tettini»- 
ToU< . 




?,680 


Dedoct— 




1,228 



Net inwrne from irrigation and navigatioii li7,968 

These calculations showed a profit of 8*82 per cent, 
on the outlay if the works were completed for irriga- 
tion onlj, and d'07 per cent, if the navigable commu- 
nication was also completed. 

It was decided hy the Government of India that 
the completion of the navigation works should be de- 
ferred, and sanction was given to the remainder of the 
estimate, with an addition to the provision for esta- 
blishment, whioh raised the aggregate outlay from 
£1,603.201 to £1,625,022. This sanction was con- 
firmed by the Secretary of State in his despatch 
No. 76, dated the 20th of August 1874. The amount 
expended up to the end of March 1878 was £1,537,990. 
The works paid about 1 per cent, interest on that 
capital in the year 1877-78, 

DigmzeflbyGOOglC 
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The Punjab Inundation .Canals. 
The inundation canals of the Punjab are in some 
respects the most successful and remuneratiye of the 
Indian irrigation systems. They consist almost 
entirely of old native worka which have been repaired, 
restored, and extended by the British Government 
since the annexation of the Punjab. The district 
irrigated by these canals has ezcellent soil, and only 
needs rain or irrigation to be marvellously productive ; 
but the rainfall is very small. In the district of Mul- 
tan, which is partly irrigated by the Lower Sutlej and 
Chenab canals, the rainfall is only 4*7 inches. In the 
parts of the Lahore districts which are commanded by 
the Upper Sutlej canals the rainfall is 10'3 inches. 
In parts of the districts of Muzaffargarh and the 
Derajat, which are irrigated by the Indus and Chenab 
inundation canals, the rainfall is only 5*3 inches. 
Upper SuUej Inundation CancUs. 
The Upper Sutlej canals* are in the central part of 
Baree Doab between the rivers Sutlej and Chenab above 
the district of Multan. By these canals the district 
is converted into a saocession of beautiful gardens 
shaded by date-palms. There is a burning sun above 
and canals flowing below. During the winter the 
water of the rivers is not sufficiently high to enter the 
canals, some of which are artificially excavated, while 
others are merely channels abandoned by the rivers ; 
but as the rivers rise in the spring, from the melting 
of Himalayan snows, the water gradually enters the 

* Stfttement of the Moral and Material Progreai o( India for 
the jen 187^78. 
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ohannelB, whioh obtain tbeir maximum volume in 
summer; so that, when water is most needed, the 
inundation canals from April to* October produce 
luxuriant crops. The corn, before yielding its grain, 
is twice mown down as fodder for cattle ; it then ears 
and producM abundant harvest. 

The Afghan rulers left hj Aurungzib did much to 
establish this system of irrigation. The mun canals 
were considered the property of Goremment, bat the 
annual repairs and the clearanoe of the immense 
quantities of silt which are annually deposited by the 
flood' waters, were, and still are, done by statute 
labour drawn from the neighbouring villages. The 
face of the country in the district commanded by the 
Upper Sutlej canals is covered with traces of former 
life and prosperity, the cause of decay being due to the 
loss of water-supply, for the river Beas once had an 
independent course to the Ghenab; but in 1790 it 
was diverted into the Sutlej, and its old bed became a 
dry ravine with a oompUcated network of deserted 
watercourses. In 1860 the attention of Gtovemment 
was given to tixeae canals, and Lieutenant (now Colonel) 
Henderson was appointed superintendent. Inundation 
canals were brought from the Sutlej into the old and 
dried-up watercourses, and prosperity was restored. 

The chief canals of the Upper Sutlej system are 
the Khanwah canal and the Sohag canal. The 
Khanwah canal leaves the Sutlej at a point 20 miles 
below Ferozpur, by a mouth 90 feet wide, narrowing 
to 20 feet at the end of its length of 55 miles. A 
great deal of water used to force its way out of the 
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oanal at weak points, and flowed back to the Sutlej, 
mandating the country. The head of the canal also 
gaTe much trouble. It was thoroughly cleared out in 
1850, and a jetty was buOt to turn in the water, but 
in 1852 a waste of sand a mile widi^ intervened between 
it and the Sutlej. A new channel had to be opened, 
and it has since been much iinprored. The Khanwah 
is of the utmost value to the ^rioulture of the 
Gugaira district, irrigating 157 villages, and much 
labour and money have been devoted to its improve- 
ment. By 1858 these improvements had been com- 
pleted, and during the following years several rajbuhas, 
or supply-channels, were constructed in connection 
with it, with masonry outlets, which were paid for by 
the cultivators. 

The Sohag canal leaves the Sutlej a little below the 
mouth of the Khanwah to irrigate the country between 
that oan^ and the river. It is 73^ miles long, and 
h^ been very much improved of late years, the 
channel straightened, and masonry outlets constructed. 
The Kutora is a nulla to the north of the Khanwah 
canal, and Colonel Anderson proposed that the Sutlej 
water should be conveyed to it from opposite Ferozpur, 
and so into the old bed of the Beas. Another natural 
ravine, or watercourse, is the Para, which is a con- 
tinuation of the Sohag. It is connected with the old 
course of the Beas by a channel called Nawabbin, a name 
derived from the Nawab of Multan, who, in the last oen- - 
tury, carried the supply of the Para into the Beas, and 
thence into the Multan district, for the purpose of 
providing a navigable passage for his wife who was 



AHD THBLB FINANOIAL BBSDI/TS. 153 

travelling down country in a boat. The avera^ 
length of the Upper Sutlej canals is 223 miles. 

Colonel Anderson's scheme, with reference to the 
Upper Sutlej system of canals, was to establish a con- 
trol over the river by the construction of a masonry 
dam at Ferozpur, bo as to prevent ailting up at the 
oanal-heads, and he woiild have provided one main 
head for the old Beas, the Ehanwah, Sohag and Para. 

A great scheme, based on that of Colonel Ander- 
son's, for the complete irrigation of the central part 
of the Baree Doab by inundation canals, was submitted 
to the (Government of India in January 1872, but 
nothing has as yet come of the scheme. 

Lower Sutlej and Ck&nab Inundation Canals. 

The Lower Sutlej and Chenab canals fertilise the 
Multan district. Since the annexation they have been 
cleared by statute labour every year, the slopes and 
headworks have been jimproved, and the distribution 
carefully supervised. There are now 39 canals, with 
an aggregate length of 690 miles, of which only about 
11 miles have been added since the commencement of 
our rule. 

Indtis Inundation Canals. 

The Indus canals include those of Muzaffargarh 
and the Derajat. There are 66 in the former district, 
drawing their supplies from the Indus and Chenab. 
The canals have hitherto been kept in repair and 
cleared by statute labour. The canals of the Derajat 
aggregate a length of 618 miles, 108 of which have 
been constructed since the commencement of our rule. 
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The annual clearances are almosfc entirely effected bj 
free labour. During 1871-72 much trouble was given 
by the high floods of the Indus, and some of the em- 
bankments were breached, causing extensive inunda- 
tion and damage to crops. A scheme was proposed 
for the improvement and extension of the irrigation in 
the Dera d-hazi' Khan district, and another for the 
irrigation of part of the Sind Sagar Doab, by taking 
off a supply of water from the Indus where it runs 
through a rocky channel near Kalabagh. 

BhavHilpore OanaU. 

Any account of the canals of India would be incom- 
plete without a brief notice of the Bhawulpore canals, 
which were made under the f^uoy of Major Minchin 
fmd Captain 6rey during the minority of the Nawab 
of that district. 

Bhawulpore extends* for 300 miles along the left 
banks of the Sutlej, Chenab, and Indus. It consists 
of the khadir land along the river-banks, averaging a 
width of 10 miles ; the bangir, a strip of land running 
along the whole length of the state, parallel to the 
khadir ; and the desert to the south. A large part of 
the bangir is now covered with sand-drift from the 
desert. The desert tract dates its origin from the 
drying up of the Ghaggar, the ancient Saraawati, 
which once flowed through the heart of the country 
from the Sawalic mounttuns to the Indus, paraUel 
with the Sutlej. 

* Statement of the Homl and Material Progieas of bidia for 
tlie ;ear 1872-78. 
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The waste dry channel, traversing the Bhawulpore 
bangir, has ruins of old towns dotted along its banks. 
It is the old bed of the Ghaggar (the waters of which 
now hardly ever reach bejond Bhutnee after the 
heaviest rainfall), and is locally called the Hakra and 
Sankra. For the first 80 miles of the Bhawulpore 
state there is a vast branch of the Hakra, parallel 
with the river Sutlej, called the Trewanna, pursuing a 
tortuous course between the Hakra bed and the 
Sutlej. Once it fertihsed a vast tract, but for cen- 
turies it has received no water from its parent stream. 
It had, however, been supplied with water at the rise 
of the Sutlej by numerous excavated channels from the 
river to elbows of the Trewanna, where, in its wind- 
ings, it approached nearest the river. By these means 
lengths of the Trewanna were just able to keep alive 
some of the land it once fed plentifully. But, owing 
to long neglect, the feeding-channels and the Tre- 
i^anna itself silted year by year, and more and more 
land fell out of cultivation. The people took to 
rapine for a living, and at last the whole north-east 
district of Bhawulpore became a mere population of 
cattle-lifters. 

This was the state of aSairs when Major Minchin, 
the Political Agent, assumed charge of Bhawulpore in 
1867 during the minority of the Nawab. He borrowed 
£1 5,000 at 12 per cent, interest for ten years, and dug 
a canal called the Ford-wah, which issues from the 
Butlej and extends parallel to it, and about 20 miles 
from it, for 105 miles. Many irrigation channels are 
led from the canal. The oanal does good work, though 
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of course it ia unable to replace the vast irrigation of 
the Trewanna. It was then resolTed to restore the 
Trevanna^ as far as possible, bj clearanoe and bj 
leading feeders into it from the Sutlej. Below the 
tails of the Trewaona and Ford-wah, in the Khairpur 
district, six small canals are led ofi; they extend to 
the district of Bhawulpore. 

Below Khairpur, which is one of the districts of 
the Bhawulpore state, and 20 miles north-east of the 
city of Bhawulpore, there was a l^ge natural dry 
channel, called the Vahind, a feeder of the Sankra. 
It was proposed to restore water to this channel by 
feeding it from the Sutlej when in flood, and this was 
partially done in 1871-72 with great success. A new 
canal, 20 miles long, has also been cat to feed a 
ruined channel called the Khanwah, the old portion 
of which has been remodelled and extended. From 
the city of Bhawulpore to the junction of the Sut- 
lej and Chenab, a distance of 30 miles, there are 
numerous small native inundation canals, and one 
large channel, the Nowrunga, which has been com- 
pletely remodelled and fed at a high level by a 
head 20 miles long. The Kutubwah, Sultanwah, 
and Hobarikwah are perennial canals with their heads 
below the winter level of the river ; they are led to 
Ahmadpur, the former capital of the state. 

The principal canals from the Chenab are the 
Minohinwah, Barnawah, and Sadikwah, large channels 
100 feet to 200 feet wide, irrigating a vast area by an 
endless network of branches. Below the junction of 
the Sutlej and Chenab) and parallel to the latter river, 
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there is a great dry channel winding down the remain- 
ing length of the Bhawulpore state, called Hurriari, 
or " the fertiliser." All the branches from the Chenab 
system of canals are tailed into the Hurriari, but their 
volume is inadequate to afford a useful supply to that 
great channel. In 1871, however, a spill from the 
Chenab into the Hurriari, at high flood, was carefully 
utilised, and it is now proposed to make a permanent 
cut along the line which the spill took, and so give 
water to the Hurriari. From the Indus there are nine 
canals, seven of them old native works and two con- 
structed by the EDgliah. The Indus alone, of these 
rivers, pours its flood over the face of the country in 
July and August, the waters uniting to run into the 
eastern Nara, a great channel belonging to the Sind 
system. 

The system of yearly clearances has been placed 
on a thoroughly sound basis in Bhawulpore. The 
exact quantity due from each farmer is accurately 
calculated, and he is then made responsible for the 
clearance along the extent of the canal which right- 
fully falls to his share. The English Political Agency 
has thus raised a revenue which they found at 12 lakhs 
paid in grain to 19 lakhs (or £190,000) paid in cash. 
This is a measure of the blessings conferred upon the 
country by Major Minohin and his coadjutors. 

TV Ddki and Ooorgaon Irrigation Works. 

The works are chiefly comprised in the natural lake 
called the Nujufgurh Jheel into which a large area of 
country drains. Irrigation channels are led off from 
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this lake to the fields, and the bed of the lake itself 
IB cultivated as the water is withdrawn. In addition 
t>o the Nujufgurh lake there are artifioial reserroira 
connected with these works from which irrigation chan- 
nels are led. These works were so severelj damaged 
by floods in 1875 that the question was raised whether 
further expenditure on the works, which were un- 
remunerative, was justifiable. It was finally decided 
that the cost of repairs should be borne by the people 
who profit by the works.* In accordance with the 
above arrangements, the bunds in the Delhi and Roh- 
tak districts were finally made over to the Civil 
Department in November 1877, and those in the Q-ur- 
g^on districts on the Ist of May 1878, so that these 
works have now passed entirely from the control of 
the Oanat Department, and will not again find a place 
in the Revenue Report of the Irrigation Branch. 



The Shahpore Canals. 
These works consist of two small inundation 
led from the river Jhilum. 



Sirhind Canals. 
In 1869 the works of the Sirhind canals were com- 
menced; up to the present time more than t^ millions 
sterling, or about half the estimated cost of the 
scheme, has been expended. 



* Bevenoe Beport of the Irrigatioa DepBrtment, Fimjab, for 
1877-?a lAhore, 1879. 
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The oanal* is a perennial one, taken off from the 
Sutlej on its left bank, at the point where the river 
debouches into the plains, close to the town of Roo- 
pnr, in the ITmballa district of the Punjab. It will 
irrigate portions of the British districts of Loodiana 
and Ferozpoor, and of the native states of Puttiala, 
Sheend, and Nabha, to the west of the river Cugger. 
The project originated from the demand which ex- 
isted for water in the alm(»t rainless districts between 
the Sutlej and the Jumna, north-west of the country 
irrigated bj the Western Jumna canal. Preliminary 
investigations were made in 1836, but it was not until 
1840 that surveys were carried out under the orders 
of Government by Captain (now General Sir "W. B.) 
Baker, to ascertain the practicability of supplying 
water to the British districts of Lissar «nd Hissar 
situated to the southward of the native states men- 
tioned above.f Captain Baker found traces of an old 
canal, said to have been excavated many years pre- 
viously by Mirza Koondee, the Souba of Sirhind, which 
led from the Sutlej river, at a point about 13 miles above 
the town of Boopur, and was carried a distance of 41 
miles to the natural drainage channel passing close to 
the old city of Sirhind. It was said to have flowed for 
one season only, when the head was left dry by a 
change in the course of the river, and was never 



* Select Committee on India Public Works, 1878, Appendix 
No. Vn. Paper by Oeneml Crofton, B.E. 

t " AooonntB of IndiTidual FrodoctiTe Public Worki in India 
for the year 18?6-77," p. 189. 
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afterwards reopened. Captain Baker's projeot, tow- 
eTer, fell into abejance^ owing to the want of funds 
at that time to carry it out, and to the circumstance 
of a large extent of native territory intervening be- 
tween the source of supply and the lands it was 
proposed to irrigate. 

In 1860 the Maharajah of Futtiala requested the 
(lovernor-GIeiieral (Lord Canning) to have the whole 
question thoroughly reinvestigated by British officers 
with the view of ascertaining the practicability and 
probable cost of irrigating his own territory from the 
Sutlej ; offering, at the same time, to defray all ex- 
penees of the investigation and surveys, &c. whether 
the scheme proved to be feasible or not. Under these 
conditions the surveys were commenced in 1861, and 
the officers appointed were instructed to endeaTOur to 
carry the canal lines as largely as possible through the 
territory of Puttiala, but that where the nature of the 
country indicated the most suitable line to pass in 
part through British or other territory, the useful- 
ness of the project was not to be impaired by devia- 
tions from the best line for the purpose of restricting 
it to Puttiala. 

The project vras submitted in 1862, the head was 
projected at a point about 15 miles above Boopur, 
mainly with the view of carrying the main supply 
channel at a sufficient elevation to avoid, as far aa 
possible, the springs, which in the valley of the Sutlej 
below Boopur stand in many places within a few 
feet of the surface. A main line was designed with 
four branches, the whole aggregating 530 miles in 
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length, of which the estimated coBt was one million 
eighty-three thousand six hundred and ninety-five 
pounds. The death of the Maharajah in 1862 inter- 
fered with the progress of the investigations, and it 
was not until 1866 that the Government of India 
came to the oonclusioD " that the only project which 
should be entertained by the Qovernment of India is 
the best that can be devised, irrespective of the ter- 
ritorial boundaries of the British and foreign states, 
and in the benefits of which the native states should 
be allowed to participate on like terms with our own 
subjects." 

In 1868 the project was again taken in hand, the 
size of the main channels was increased, and the pro- 
posed site of the headworks was moved 15 miles lower 
down the river. This last alteration was made after 
much discussion; for, although the new site had a con- 
siderable advantage, in avoiding the crossing of large 
drainages and rivers intheSutlej valley above Roopur, 
it involved the projection of the main canal at a much 
lower level, entailing a greater depth of excavation in 
the valley below and difficulties in the disposal of the 
springs. The project of 1868, which is now in pro- 
gress, comprised a main channel from the Sutlej near 
Boopur supplied by a masonry dam across the river ; 
the length of the main channel being 41 miles, at the 
termination of which the division of the water is 
effected ; a channel to the eastward supplying the 
branches which mainly irrigate the lands of the native 
states, termed the Puttiala branches, and another to 
the west for the British branches. 

11 
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The total length of nuun and branch canals is 
530 miles, excluding a navigable junction, 55 miles 
long, with the Western Jumna canal, which, by the 
orders of Qovemment, is delayed for the present. Of 
this total length of 530 miles, S09 miles are navigable. 
The ordinary supply of water will be 3,000 cubic feet 
per second, rising to 4,500 cubic feet in the monsoon, 
which may occasionally be increased to 6,000 cubic 
feet per second. 

The area of country affectod by the canals is 8,476 
square miles, of which 5,528 square miles appertain 
to the British branches, and 2,948 square miles to the 
Puttiala branches. Of this it is estimated that 783,000 
acres, or about one-seventh, will be irrigable ; 607,300 
from the British branches, and 275,700 acres from the 
Puttiala branches. Portions of British territory will 
be irrigated by the Puttiala branches, and, similarly, 
portions of native states will receive irrigation from 
the British branches. 

The total cost of the works, excluding the navig- 
able junction to the Western Jumna canals is estimated 
at three million and eighty-seven thousand pounds, of 
which one million nine hundred and fourteen thousand 
four hundred and twenty pounds is the British share ; 
one million one hundred and seventy-two thousand 
seven hundred and sixty pounds is payable by the 
native states. 

The share of the latter amount falling on each state 
is aa follows : — 
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PoHiala 1,010,4S1 

Sfaeend S3,4£3 

Nabha 108,856 

The cost of the navigable junction to the "Western 
Jumna canal, if carried out hereafter, is estimated at 
two hundred and fifteen thousand four hundred and 
forty-five pounds in addition to the above total. The 
oanala comprised in this estimate are: — 



Main Ziine .89 

British Branches — 
TTbofaur branch .121 

Bhnttinda branoli . . . 9S 

NaTigable junction from XTbohar branch to 

Sndej ^ 

Pnttiala Branches — 
Feeder lines . . . . .87 

Eottah branch . . . .85^ 

Cn^gur branch .... 52} 

Choa branch 23| 

Navigable line to Pottiala • ^i 

Total . 502 

Of these lines about 245 miles are designed to be 
navigablei On the Buttinda, Guggur, and Kottah 
branches, and on the remainder of the Ubohur branch, 
the bridges are designed sufficiently high for the 
passage of boats, but no provision is made for the 



The heaviest portion of the works lies in the first 
10 miles from the head where the line crosses the hill 
torrents which intersect the valley of the Sutlej. The 

11 • 
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headworks consist of a dam across the river Satlej 
nearly opposite the town of Roopur, with a regulating 
bridge ; the maximum depth of cutting through the 
spur in which the town of Boopur is sitaated, about a 
mile from the head, is 45 feet, the average depth ia 
the first 9 miles being 28 feet. In this part the springs 
stand above the level of the bed of the canal, in some 
places as high as 30 feet. The drainage of the vallej 
is passed over the canal by two large masonry super- 
passages, and one torrent disposed of by a oat into 
the river above the headworks. The width of the 
main canal at bottom is 200 feet. 

The Sirhind canals form a link in a Iprojected water 
oommunication from North India to the sea-board on 
the bay of Bengal, the upper portion of which, from 
the Sutlej at Ferozpoor, will be supplied by the chan- 
nels of the Sirhind canal now under construction, and 
which the new channels of the Western Jumna canal 
will carry on to the Jumna river, south of the city of 
Delhi. 

The estimated profit on the British share of the 
expenditure is 8J per cent. ; if interest dxiring con- 
struction be added to that expenditure, only 8 percent. 



The agreement with the native states, which was 
signed in 1873, contained these provisions : — 

1. The project to be designed, and the works car- 
ried out, exclusively by the British Government, under 
its own officers. 

2. The works to be projected on the general basis 
of distributing the water in the most economical man- 
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ner to the districts east of the Sutlej commanded by 
the canals. 

3. The share of the water-supply to be allotted to 
each branch, in proportion to the area commanded by 
eaoL 

4. The entire cost of the main canal and of the 
preparation of the project, including that of the sur- 
vey and project of 1862, to be defrayed by the British 
Government and the native states, in proportion to 
the water-supply allotted to each ; but the whole cost 
of the British branches to be borne by the British 
Goverument, that of the Puttiala branches by the 
native states. Each state to defray the entire ezpen- 
diture on its own distributary channels. 

5. The native states to supply annually a share of 
the estimated annual outlay during construction, in 
the same proportion as described above for the entire 
outlay. 

6. The native states to pay a seignorage to the 
British Gbvemment, in consideration of the water 
supplied, at the rate of four annas (sixpence) per acre 
per annum, which will not be demanded until the 
British branches yield a profit ; nor in any case will 
it be demanded till the eleventh year after admission 
of water into the canals. 

7. Subsequent to the admission of water, the 
management of the main channels of the Puttiala 
branches to rest with the British Government, but 
each state to have entire charge of its own distribu- 
tariesj and to defray all expenses of maintenance, both 
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of brancheB and distributaries, as well as a share of 
the maintenance of the main canal, in proportion to 
the share of the water-supplj allotted to each. 

8. No transit duties to be levied on the canals. 
The income from navigation tolls to be shared as 
follows : — 

1st. The native states to receive a share of the 
tolls on the main canal, in the same propor- 
tion as described above for expenditure. 

2nd. In through traffic on the branches the tolls to 
be shared by the British Government and 
the native states, in proportion to the dis- 
tance traversed on the eanals belonging to 
each. 

3rd. The native states to receive all tolls levied on 
the Futtiala branches exclusively. 

9. British villages and those of other native states 
along the Fattiala branches to share the waters, if 
required, equally with the states concerned. 

10. Details of superintendence, and other matters 
oonneoted irith the management not dealt with in the 
^reement, to be settled by the Punjab Government 
with the states concerned, subject to the confirmation 
of the Supreme Government. 

Gonviot-labouT was largely employed in these worte. 
A line of railway 50 miles in length has been laid down 
along the canal-line; it is connected at its lower ex- 
tremity to the Punjab railway. 
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The Swat Bi/ver Canal. 

This canal is situated in the Pesbawur valley. 
This valley is encircled by mountains,* with the ex- 
ception of a small opening towards the Indus, and 
comprises 2,400 square miles, divided in two by the 
river Kabul, which enters the plain at Michni. It is 
joined midway by the Swat river, flowinjf from the 
north-west, and entering the plain at Shaikhan. The 
distribution from these three rivers is a constant 
source of feud among the villagers. Four or five 
villages have a joint right in one irrigation cut, and 
are together responsible for its maintenance, the cut 
being supplied by feeders from the rivers. YusafsM 
is the portion watered by the Swat river to the north- 
west. The Swat, on entering the plain, divides into 
many channels, which wind through rich meadows 
fringed with willows and poplars, and all unite again 
before joining the Kabul river. 

The Swat canal works were commenced in 1876 ; 
they provide irrigation in the north-east comer of the 
Peshawur valley, where the rainfall is only about 11 
inches in the year. The scheme originated with the 
late Sir Henry Lawrence, who advocated the con- 
struction of the camd rather on political than on 
economical grounds. The first proposal on record 
concerning the canal is a minute dated the Ist of 
December 1870 by Sir Henry Durand, theXieutenant- 



* Statement of Monl and Material Frognu o£ India for 
18?2-r8. 
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Governor of tte Punjab. Surveys were immediately 
put in hand, and a preliminary report and rough 
estimate were submitted to the Government of India 
in September 1871. The scope of this preliminary 
project,* which was not altered in that finally elabo- 
rated, comprised the tract in the Peshawur district 
bounded on the west and south by the Kabul river, on 
the east by both the Bulpanee torrent, a tributary of 
the Indus, and by the Indus itself, and on the north 
by the frontier range of hills. The length of the 
Talley is about 25 miles; its average breadth about 
12 miles. Through the north-west comer the Swat 
river flows ; it debouches from the hills, not far from 
the post of Abuyaee and joins the Kabul river about 
14 miles above the cantonment of Nowshera. The 
triangular comer thus cut off, called " the Doaba," 
has long been, and is now, extensively irrigated by 
inundation canals from the Swat river, and a narrow 
strip in the valley of that river on its left bank is 
similarly provided for. No provision, therefore, for 
these portions of the tract is required beyond ensuring 
that the new works will not interfere with the supply 
of water which the old ones now enjoy. The primary 
object of the project ia to provide irrigation for the 
high table-land lying between the Swat-Kabul rivers 
and the Kulpanee, which is at too high a level to be 
reached by inundation canals, and where the rainfall 
is scanty and precarious and the surface of the springs 

* Accormts of IndiTidaal ProductiTe Worki in India for tbe 
yearl8?6-77. Calcutta, 1879. 
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at a great depth below the ground-leTel. To the 
eastward of the Kulpanee, the springs stand at higher 
levels, and on this ground Sir Henry Durand con- 
sidered that the irrigation from the canal should be 
limited, at least for the present, to lands westward 
of that stream. An attempt was apparently made 
in olden times to draw water from the river for this 
tract at a point close to the site of the proposed 
headworks ; the remains of an embanked channel are 
still visible in places above the fort of Abuyaee, but 
how long ago this was constructed, how far it was 
carried, or whether water ever flowed in the channel, 
no one can now say. The hill torrents probably car- 
ried away the canal, if it was ever constructed over 
them, as was the case with several other native works 
of which traces exist elsewhere. 

From 1871 to 1876 the scheme was investigated 
and estimated for, and E^fun investigated and re> 
estimated. Sanction to commence the work was 
conveyed in' Despatch No. 9, dated the 3rd of Feb- 
ruary 1876. 

The project as finally elaborated differs only in some 
few details from the original one. The areas of irri- 
gation provided for are — for the existing cultivation 
34,568 acres, of which 19,272 acres are in the Doaba 
on the western flank of the weir, and 15,286 acres on 
the eastern flank ; on the high land, now unirrigated, 
126,000 acres, of which 42,000 acres are irrigable in 
the summer season, 84,000 acres in the winter. The 
full supply discharge at the left flank head will be 321 
oubic feet per second, at the right flank 955 cubic feet 
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— ^in all 1,276 oubio feet per second. The subsequent 
obaervations showed that the discharge of the river 
ocoaaiotially fell as low as 1,438 cubic feet per second 
(instead of 2,970 oubio feet, as appeared from the first 
measurements made), so that there will still be ample 
to supply all demands. The highest flood-discharge is 
now estimated at 158,220 oubio feet per second. The 
lengths of chamiel to be constructed are as follows :— 



Ujun line 




in 


Distribateriefl 




109i 


CJunnela for existmg irrigation 


5 


The estimated coat was as 


follows :— 


. 6,98* 


Preliminuy exponMS 




Land oompenaation . 




. eos 


Masonry works 




. 61,468 


Earth worlia . 




. 6S,806 


Contingencies . . 




. 20,813 
138,698 


Tools and Plant 




. 5,298 


Establiilinient 




. 37,791 



Total Cash ontlaj . 166,782 

Indirect charges — £ 

Proyiaion for leave and pennon 

allowanoeB . . 6,947 

Interest for 4 jears . . 20,780 



Grand Total . . 194,509 



The above estimate assmned that the work would be 
completed in four years. If eight years were occupied 
in completing the work the estimate would amount 
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to two hundred and ten thousand one hundred and 
sixty pounds. 

The income was estimated thus — 



Wftter-mtoB . . . , 
Mifloellaneoiu 


. ar,soo 
. a.M6 


Deduct Mftintenuiw . 


29,316 
. 10,840 


Net profit 


. 18,476 



Or a net return of 9}; per cent, if the work were com- 
pleted in four years, Sj per cent, if in eight years. 

Some time after the works were started it was found 
necessary to place military guards over the stores and 
working parties, to protect them from the border tribes. 
The oost of these guards will add somewhat to the 
expenditure on the works. The amount expended up 
to the end of March 1878 was thirty thousand nine 
hundred and nineteen pounds. 
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CHAPTER YIU. 



FINAIfOIAL BESUI/rS. 



Financial Besolts best test of Utility. — Difficulties of showing 
exaot Bemlte. — ^Direct and ' Indirect Berenue. — Forms of 
Account. — Gen. Dickens' St&tementa. — Besolta of 1876-77. — 
Profit due to Beven Works. — Future Accounts. — Time before 
Irrigfttion Works will pay.— Eesnlts of 1877-7a 

Ths~ Select Committee on East India Fablio Works, 
when reporting to the House of Commons in 1879, 
said : •' The financial results of works of irrigation 
are, in the opinion of your Committee, the best teat 
of their utility. A railroad may traverse, between its 
termini, certain districts which it does not materially 
improve, yet the work may be on the whole beneficial 
to the country. Unless, however, an irrigation work 
benefits the immediate locality in which it is placed, it 
can be of no use to outside districts." This axiom is 
no doubt true ; but it does not follow that because a 
work is not financially successful that therefore it does 
not benefit the country. The test of financial success 
^one is not the correct one to apply. 
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It is not possible to show, in a fully satiBfactory 
manner, what has been the actual financial result of 
the irrigation works in India, viewed as commercial 
undertakings, for several reasons. In all the pro- 
vinces, except Bengal, where there are irrigation 
works, the revenue derived from the canals is, to some 
extent, collected directly in cash, but more largely it 
is collected indirectly in connection with the " Land 
Revenue," that is, the land tax which forms nearly 
half of the total revenue of the Indian Qovernment. 

In Madras and Bombay,* where a form of land 
settlement different to that of other provinces has 
been established, some difiBculty has been experienced 
in separating the payment for water from that for the 
use of the land. This difBculty has also occurred in 
Sindt where there is practically no cultivation at all 
unless there is irrigation, and the question was whether 
the whole of the receipts from the laud were to be 
credited to irrigation or only a portion of them. 

It has always been a vexed question between the 
advocates of irrigation works and their opponents, 
as to whether this *' Indirect Bevenue " is really 
due to the canals or not. It is, in some cases, un- 
doabtedly so, as it actually represents the value 
of the right which the cultivators have to irrigate 
their lands from the canals, but in other cases it is 



* Beport of tha Select Committee on India Public Works, 1879. 
pp. Till and iz. 

t Colonel Dickens' Evidence before the Select Committee on 
India Public Works, 1879, p. xii. 
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said that this "Indirect BeTenue" represents the 
enhanced value of the land due to the fact that there 
are works of. irrigation in its vicinity. 

In 1857 the- Court of Directors, in a despatch. 
No. 18 of that year, condemned the system of the 
collection of water-rates in connection with land 
revenue. They thought that "the system practised 
in Madras and Bombay of obtaining a return on irri- 
gation works by simply raising the land assessment 
must be abandoned." 

Lord Canning, in a most comprehensive Minute 
of the 29th of November 1868 on the subject of 
"Private Companies for Canals of Irrigation and 
Navigation,"* says: "The question how the profits of 
the undertaking are to be assessed is a difficult one, 
and it is one on which, it will be seen, Mr. Muir and 
Colonel Baird Smith do not agree. 

" In the Madras and Bombay Presidencies, Govern- 
ment repays itself for the cost of irrigation works 
out of the simple enhancement of land revenue 
which follows the conversion of dry cultivation into 
wet. 

"In Upper India, such an enhancement probably 
takef) place at the next settlement, the increased pro- 
ductiveness due to canal irrigation being one of the 
elements to be considered in re-settlement; bat there 
is a direct water-rate levied by the canal officers on 
those who use the water. 



* Cspiea of DeBpatcbet ordered hj the Houm of Gonmioni to 
be printed, 10th April 1861. 
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" Colonel Smith considers that these sources of 
profit should be consolidated into a single water-rate ; 
but Mr. Muir shows, I think conclusivelj, that this 
would not be feasible even in the North-Weat Pro- 
Tinces." 

Sir George Campbell, late Lieutenaot-Goyernor of 
Bengal, thus states* his opinion on this question :— 

" I am Terj glad to say a word with regard to this 
question of indirect revenae, which is supposed to be 
derived from an increase of the land revenue. I think 
it will be very evident to the Committee from what 
they have already heard of the nature of that indirect 
revenue, that it is precisely similar to the case of an 
increase in the rent of lands, owiag to a railway being 
made through a part of the country in which those 
lands lie. It is undoubtedly the case that some addi- 
tional value is given to the land, and that the rent of 
the land is increased by the railway coming into the 
country, but I think the Committee will feel, and 
eyery man who has had to do with land will feel, that 
it is utterly impossible to express in figures the exact 
increase which is due to railways, because there are 
many other causes operating at the same time, and it 
is impossible in the general increase of rent over the 
country to distinguish the exact amount which is due 
to the railway and the exact amount which is due to 
other causes. The case is preoisely the same with 
regard to those canals. Undoubtedly, if you turn a 



• SdectOomimttw on India FablicWtvka, 1879; QnestionlSl?. 
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desert into a cultivated coantrj, aod you desire a land 
revenue from that land, which you did not derive 
before, so far there is a clear gain, but in respect of 
districts of the character of those North- West Pro- 
vince districts which were before paying and profl- 
perouB districts, which are understood to be now more 
paying and prosperous districts, I should say it is 
quite impossible to distinguish between the amount of 
the additional revenue or rent which is due to canals, 
and the amount which is due to other causes, and 
notably to the means of communication, because you 
must remember since those canals have been intro- 
duced there has been an immense improvement in the 
means of communication, and that you have had means, 
as I last week explained to the Committee, of carrying 
your grain to market in a way which you never did 
before. As a matter of fact, I believe, if you look at 
the prices current, you will find that the average value 
of g^ain is probably nearly double now what it was a 
generation ago ; therefore there was very great reason 
to expect that your revenue should increase quite 
independently of the increase indirectly due to canals. 
Looking to the facts, I should myself be inclined to 
take a different view, because when I look at the land 
revenue of the North-West Provinces as it stood 
thirty or forty years ago and as it stands now, when I 
look at the immense improvements in the means of 
communication, in the prosperity of the country, and 
in many other ways, I should certainly have expected 
the land revenue to have increased almost more largely 
than it has increased ... I have not vety exactly 
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studied the revenue statistics of the canal districts, 
but my impression is that it will not be found that in 
the course of the last forty years any of those districts 
have increased as much as 50 per cent, in their land 
revenue ; therefore I think it is not only a very speou- 
latire question whether it is to those canals we really 
do owe the increase of land revenue, but also, looking 
at the amount of increase which has occurred, it is 
very doubtful whether you can fairly attribute a large 
amount to that source. At any rate, this I do very 
confidently say, that whatever is attributed to it, it is 
a mere speculative estimate, and that you cannot fix 
it precisely in figures. You must recall other points 
of the history of the country, and look to the general 
benefit to the country. You must look at the broad 
question whether the country as a whole has been 
benefited, and whether it has been at a disadvantage 
in respect of unhealthiness and otherwise, which 
counteracts those indirect beneffts." 

For some time the forms of account kept in India 
for irrigation works were very unsatisfactory. The 
interest due on money raised on loan and sunk in 
irrigation woi'ks was not charged against those works 
but was included in the interest payable on the 
gener^ debt of the conntry ; at the same time 
the working expenses were not charged against the 
revenue derived from the works but written off as 
Ordinary Expenditure. The revenue of the works 
was only credited with the actual or "Direct "cash 
receipts, which formed in many cases a very small 
proportion of the payments made by the cultivators 

12 
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for the use of the water, the " Indireofc " receipte being 
entirely credited to " Land Revenue." These errors 
are being corrected, but accurate accounts of the 
Kadras works — the most remunerative ones — are not 
yet available. 

Another difficulty ia reviewing the financial results 
of irrigation works i» found iu the fact that tu several 
oases — notably in the Oauvery works, which pay 81 
per cent., and in the inundation canals from the Indus ' 
and Chenab — the capital shown by the Government Ac- 
counts does not inelude the value of the old native works 
upon which the British undertakings were founded. 

Recognising these diffioulties, Major-Oeneral Dickens 
presented to the Select Committee on India Public 
Works the following statement, which was given as 
the nearest. approximation to the truth that was to be 
obtained. The statement is for the year 1875-76 
only ; it does not include the Hadras Irrigation Com- 
pany's works, and no fliowance is made for value of old 
native works, which, however, General Dickeus stated 
did not exceed £500,000. This statement includes, 
not only those works which have been in operation for 
a length of time, but those also which are in course of 
construction and those in partial operation. 



Bipeaditon. 


Total 
Bec«ipti. 


Working 


per cent. 


Revetiae in 
eiceu of Inte- 1 
rMtoDCapiUL 


15,562,656 


£ 
1,228,993 


£ 
396,760 


£ 
700,319 


£ 

131,924 1 



' Bepert of Select Gonunittoe oa ladia Public Worba, 



! Worka, p. ix. 
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This shows that the irrigation works of India taken 
together pay a revenue, direct and indirect, of 5*33 
per cent, to the state, even including those works 
which lire only partially in operation, but excluding 
the Madras Company's works which do not pay. 
General Dickens* stated that, making all allowances 
for value of native works and other items of account 
which are not fully represented in the above state- 
ment, he considered the irrigation works of India 
were now paying 6 per cent, interest on their actual 
cost, and that he anticipated they would eventually 
pay 6 or 7 per cent. 

The Committeef in remarking on the above state* 
ment pointed out that the return was almost entirely 
doe to seven most successful works ; thus : — 



Work*. 


Capital. 


B«oeipta 
after me«t- 
toc WorUiB 

Kxpenflu 
and lalarBBt 


Eiow 

Bm„™p.r 

oent. 


Scinde IrrigatioD Works . 
Ganges .... 
East Jumna 
West Jumna . 
CauTetj .... 
GodaveiT .... 
Eiatiia .... 

Total 
The rem&muig Works 

Total as in foregoing) 

Statement . . ) 

Madras Irrigation Company 


£ 
667,?04 
2,826,479 
23I,!'13 
432,764 
133,964 
786,444 
463,590 


£ 

132,103 
42,808 
47,946 
84,010 

108,923 
94,851 
45,630 


£ 
19-66 

1-61 
20-68 
19-ia 
81-30 
12-94 

9-8 


t,492,688 
10,069,967 


555,771 
-428,847 


15,862,665 
1,372,000 


131,924 
-46,453 



* Select Committee on India PubUo Works, 1879; Quertiou 
418 and 453. 

t Beport of Select Committee on India Public Works, p. ix. 
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That this loss on the other works may be partly doe 
to the fact that manj of them are onlj in partial or 
recent operation is no doubt true. But it can hardly 
be considered satisfactory that out of no less than 
forty-four works in operation only twenty-nine pay 
their working expenses. In Appendix A. will be 
found the detailed statement submitted by Gbneral 
Dickens from which these figures are taken. 

In future it is intended that the results of irrigation 
works shall be tested as follows : — 

Ist. By considering the " capital " cost of any 
work to be simply the sum actually spent in its con- 
struction. 

2nd. By debiting the revenue account yearly with — 
(a.) The simple interest on the capital cost of 
the works at the commencement of the 
year. 
(6.) The working expenses of the year. 

3rd. By crediting the revenue account yearly — 
(c.) With the direct receipts. 
(d.) With the indirect receipts. 
The difference between (a + b) and (c + d) for 
any one year will show the profit or loss for that year. 
The difference between (a + b) and (c + d), from 
the commencement of the works to any date, shows 
the financial positioti of the works at that date. 

It is on this principle that the QoTemment of India 
is now trying to show the results of their irrigation 
works. The returns are by no means complete, those 
for Madras, the most paying province, and that in 
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which irrigation has been longest in play, being not yet 
made up. The statomeDt, Appendix B., gives, in pounds 
sterUng, the results of irrigation works whioh are 
actually in operation in the Bengal, North-West, and 
Punjab provinces for the year 1876-77. In this return 
the Qovernment have, as far as the information is 
obtainabloj divided the works into those which have 
been in operation for more, and those which hare 
been in operation for less, than ten years. It is 
generally admitted that irrigation works in India, un- 
less constructed, as was the case with the Godaveri, 
the Gauveri, and the Kistna works, under very favour- 
able circumstances in districts where the people are 
accustomed to irrigation from rivers, cannot be ex- 
pected to pay for several years after they are in 
operation. The Ganges canal was fourteen years in 
operation before it paid 4 per cent, on its simple 
capital.* Colonel Crofton, late Inspector-General of 
Irrigation in India,t appears to think that ten years is 
by DO means an unreasonable time to elapse, after 
an irrigation work is pat in operation, before it can 
pay any interest on its cost. And Colonel (now 
General) R. Strachey, in reporting in February 1865 
on the measures to be adopted for the extension of 
irrigation works io IndLa,{ gave it as his opinion that 
it was not likely that so much as 5 per cent, would be 
realised within ten years on the capital sunk on any 



* Select Committee on India Public Works, 1879 ; Queatioa 901. 

t Ibid., Queatioiia 1643-4S. 

} Copies of DeapatchcB ordered to be printed, 24tli April 1666. 
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but the smallest works of irrigation. And Colonel 
Baird Smith in reporting in 1860 on the proposed 
Behar canal — the present Sone canal — took it for 
granted that the works would not be self-supporting 
until sixteen years after thej had been opened for irri- 
gation. 

The fact that the statement given in Appendix B. 
is incomplete is much to be regretted, as it hardly 
gives a fair idea of the results of irrigation works in 
India generally. But it will be seen that in the three 
provinces of Bengal, the North-West, and the Punjab 
the following results have been obtained : — 

Feroent. 

CIomI. 

Works whioh hare been more th&n ten jbbm in oper&- 
tion showed during 1876-77 . .a profit of 4*16 

OkutJI. 
Works wbicb hare been less titan ten jears in opera- 
tion showed in 187&-77 - ... a loss of -£7 
CIOM III. 
Canals psxtiy conatruoted b; natire rulers, but entirely 
reconstmcted by the British, showed in 1876-77 

a profit ot 19-46 
Olanir. 
The Indus Inundation Oanals, which do not include the 
old capital outlay before British improrementa, 
■bowed in 1876-77 .... a profit of 16'87 

OlauV. 
Hinor Works constructed by the British Government 
showed in 1876-77 .... a profit of 4-90 

Taking all the above works together, there was in 

1876-77 a profit of 8-11 

So that during that year all classes of works showed 
a profit except those which had been less than ten 
years in operation, this profit being exclusiye of the 
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simple interest; the net profit in all being only S'll 
per cent. The large profit on the Madras works, of 
which the capital cost is onlj about two million pounds, 
and of which no returns are given in this accouot, 
brings the total profit up to the percentage of about, 
5*33 which was given by General Dickens. 

The total net revenue earned by the above-men- 
tioned works during the year. amounted to three hun- 
dred and thirty-three thousand three hundred and 
fifty-three pounds, while the simple interest on the 
capital is four hundred and sixty-four thousand two 
hundred and twenty-siz pounds, so that in the year 
mentioned the works were not comraercially remune- 
rative, since more money was paid for the money 
borrowed to construct the works than the revenue 
produced by them. 

If the total net revenue received since the com- 
mencement of these same works be set against the 
total charge for interest on capital siuce the com- 
mencement, the results are : — 



Olass L Works in operation over ton years . Iobb 1,714,587 
Class n. Works in operation less than too 

years . , loss 1,252,536 

ClaoB HL Works realigned and reconstructed gain 2,903,763 
Olass IT. Innndation Canals . . gam 298,541 
Cla4B T. Minor Works loss 33,164 

mn gain to the state after paying all inte- 
rest charges 202,027 

But it must be noted that it is entirely due to the 
works of Classes III. and IV., originally constructed 
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hy native rulers, that the surplus is due. These works 
have made up for the deficiencies of the newer works 
constructed by the British Government in the three 
provinces Darned. 

■ Appendix B. has been prepared from the laat return* 
available, which has been compiled with the authority 
of Grovernment. Tbe statement Appendix C. has been 
prepared from tlie revenue reports of the different 
provinces by the author, and is, therefore, not autho- 
ritative ; but it may be relied upon as being very 
nearly correct. This statement, which is also in 
pounds sterling, includes the canals of Bombay and 
Sind, the returns for Madras being unfortunately still 
unobtainable. From this return it will be seen that 
out of the thirty systems enumerated only eighteen 
paid their working expenses during the yefir, but these 
paid BO well that, taking all the thirty works together, 
tbe receipts exceeded the working expenses by four 
hundred and thirty^six thousand four hundred and 
twenty-four pounds, or 3"29 per cent, on the total 
capital, but that the working expenses together with 
the simple interest on the capital exceeded the rereuue 
by one hundred and twenty-nine thousand four hun- 
dred and sixty-four pounds, so that the Government 
was a loser actually of that amount in the year. But 
although the Government was a loser of this sum on 
the works enumerated in Appendix C, it was not a 
loser on the whole of India, for the Madras works 



* AccountH of the Beceipts and Expenditure of the labile 
Works Department for 1876-77. 
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would much more khan recoup all the deficiency of 
the others. 

It must not be forgotten that both the statement 
Appendix A. and that of Appendix B. only include 
works which have been constructed and are in opera- 
tion for irrigation, and that no account is taken of 
those works which are commenced but not yet work- 
ing, or those abandoned, from which there is, of 
course, no revenue. But the capital invested in 
Buoh works is comparatively small; it amoanta to 
£3,117,462 altogether, of which £1,267,125 is for the 
Lower Ganges oaual, and £1,579,365 for the Sirhind 
canal. Thrae two works are already beginning to 
come into operation, and will soon give some small 
return. 

General Dickens* statement, on which he assesses 
the total revenue of all irrigation works in India — 
except the Madras Irrigation Company — at about 
5 per cent, is inclusive of all works complete, in- 
complete, proposed and abandoned. General Dickens* 
estimate is probably rather a high one, as the year 
1875-76, on which he based his calculations, appears 
to have been rather a favourable one. 

The statement on p^e 186 shows the profit per 
cent, on all the works in operation in the provinces 
named. 
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Nat Intemt per Mot. on 

Ospitsl paid bT tbe Wark^ 

inclnding direct sod 

indirect Berenne. 


75-76 


76-77 


77-78 


Total IfftdiM Works . 


1,953,089 


16-68 


Notgiren 


NotBiTBD. 


Total Bomliaj Works . 


1,218,S?4 


-61 


1-69 


•68 


Total Smd Works 


831,004 


24-16 


8-97 


4-61 


Orissa Project 
Hicbiapoto Projeot 
Tidal Canal . 
Sons Project. 


1,778,090 
706.177 
178,890 

1,908,504 


—98 
—87 
--89 
-■42 


-■80 
--50 
1-82 
—72 


—30 
—47 
1-77 
—79 


Total Bengal Works 


4,570,161 


--78 


--61 


—46 


Eastern Jumna 
Ganges Canal 
AgraCanal . 
Dnn Canals . 
Bijnor Canals 
Eolilkhuna Canals 
Bundelkhnnd Works . 


261,235 

3,056,015 

804,479 

62,452 

6,996 

148,207 

8,262 


25-lS 
6-01 
—64 
4-38 
68-97 
--14 
--63 


22-43 
6-07 

—34 
6-36 

11-19 
4-47 
-04 


22-80 
7-20 
1-01 
6-88 

1233 
-60 

14-06 


Total Nortb-West Pro. ) 
Tinras Works . .j 


^346,646 


6-78 


5-83 


6-78 


Bareel>eab Canal. 

Western Jnmna . 

Lower Sutlej and Chenab 
Inundation Canals. 

ITpperSntiej and Chenab 
Inundation Canals. 

Indus and Chenab In- 
undation Canals. 

DelhiAOoorKaon Works 

ShapurAShiUiiwal Works 


1,537,990 
575,921 
10,808 

56,312 

67,747 

18,341 
8,767 


2-88 
23-92 
51-09 

-6-69 

5-45 

-4-27 
4-85 


■46 
17-90 
158-03 

8-21 

1-50 

—47 
34-45 


-92 
16-44 
139-6» 

4-01 

-17-67 

-■82 
1688 


Total Punjab Works 


2,261,376 


7-30 


6-13 


515 


ATerago for all the 
Works.* 


16,183,6001 


6-26 


4-82 


608 



* Ai tlie UftdiBB rerenne, inoladiaK inilirect 

1876-77 And 1877-76, tha kvonge hM been oklonlfttod on 
nranoa In Uidrwt luu lemainBd itatioiuuy. It hu mc 

t Total o»pital of wotki ftetuUf in op«i«tioD at the 
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This statement, though as complete as it is possible 
to make it, is not really a thoroughly satisfactory 
one. The indirect revenue of the Bombay works is 
not fully included in the figures giren. It will be a 
few years yet before this indirect revenue is properly 
accounted for. Even in the last return* issued by 
the India Office, a return issued after the greater 
part of this chapter was written, it is noticed that 
the " enhanced land revenue due to irrigation works 
in Madras is not yet ascertained." But in a Betum 
to the House of 0onimoD8,t which has just been 
issued, a sum of five hundred and seventy-eight 
thousand four hundred pounds due to the Madras 
works on account of enhanced land revenue has been, 
for the first time, admitted to the accounts. 

The irrigation works of India have been often un- 
justly condemned as unremunerative by men who 
were misled by the unsatisfactory state of the ao- 
counts. It is now admitted by the Government that 
the enhancement of land revenue due to irrigation 
works is a sum fairly to be credited as revenue de- 
rived from those works, and the accounts last sub- 
mitted do so credit it. Lord Hartington, in his 
financial statement made in the Honse of Commons 
on the 17th of August 1880, recognises the justice 
of crediting these amounts to irrigation works. He 



* East India Finance and Berenne Aooounti, 1878-79, and 
eatimate of 1879-80, page 176. 

t Copiei of Statement ghowing Net Bevenne and Expenditure of 
India for 1856-57, and for tbe jvan 1867-68 to 1879-80 indnuTe, 
page 279. 
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Bays : — " ... I am inclined to believe that if the 
accounts were eoourately adjusted between tlie land 
revenue and the irrigation works, the land revenue 
might be found to give a still greater amount than is 
here estimated to the irrigation receipts." 

PreTious to 1877-78 all enhancement of Und re- 
venue due to irrigation works was treated as "'ordi- 
nary " revenue, and in that 'year and the following 
one only a portion of it was credited to irrigation 
works ; thus : — * 

BTArmiam of DmoT and Ivsibict Bxcuptb of Ibbioatiov 

WOBU. 







DiRMt 






Luid 


B«»ipt.of 








.UWorka 




Tmt. 


dMto 


indadiiw 


T<*a 




IitigUim 










Oom[«uiy. 




Acto.1 for the yeiw 18?6-?7 . 


HU. 


S20,173 


520,173 


AotiuHortla Year 1877-78 . 


156,869 


49S,142 


651,511 


AoloJ tor tie jau- 1878-79 . 


126,934 


621,0« 


7.»7,980 


Besnlar Ertimate for 1879-80 . 


710,000 


678,967 


1,388,967 


703,000 


680,000 


1,383,000 



The very large increase in 1879-80 is due to the 
amount credited to the Madras works which ia men- 
tioned above. These figures show, perhaps, as simply 
as any the slow but steady progress which works of 
irrigation are making in India. 

* Page 9 of Copies of Statoment Blowing Net Berenae and 
Expenditure of India for L856-57, and for the jears 1867-68 to 
1879-80 inclosiTe. 
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In Speaking of the publio works of India generallj* 
including the railways, Lord Hartington, in the speech 
above mentioned, sajs : — " ... in regard to the pro- 
ductire public works expenditure, which has for a 
long time been a charge on the resources of India, 
the time is now nearly approaching — ^if, indeed, it has 
not been actually reached — when these works will be 
no longer a charge, but may be expected to be a 
source of revenue to India. ... I think the most 
satisfactory feature is the increase in the productive- 
ness of the public works, which shows not only the 
strength of the financial position of India, but also 
that its industrial position is being improved." 

That the time when the Indian irrigation works 
will be no longer a charge on the revenues of India 
has been already reached is shown by the statement 
on page 186 ; for taken together, the Indian irrigation 
works are actually bringing to the pocket of the 
Indian Government about 5 per cent, on their cost, 
that is, about one half per cent, more than the Go- 
vernment pay for the capital they have borrowed to 
construct them. That great value may be attached 
to these works, viewed as insurances against famine, 
as means of bringing contentment, steady prosperity, 
and happiness to the people, is hardly a matter on 
which, there cam be any doabt. 
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A. 

Account, fatnra {onu of, 180. 
AcoountB, incomplete for Ma- 

dru.ISO. 
Acconnts, ousatiafactoiT' form 

of, 177. 
Adaiumay&pillf , 80. 
Adhila rirer, 46. 
Agia,115. 
A^ canal, 112. 
Ahmednagar, 17, 19. 
Akbar, Emperor, 133. 
Allahfl.bad, etill- water canal, 123. 
AUewal escape, 118. 
AllTKhur, 99. 
Alof, 51. 

Amalapur canal, 11. 
Amirs of Siad, 60. 
Andrawali, 56. 
* Anoopahuhnr blanch oaaal, 106. 
Arrah,82. 
Arrah canal, 82. 
Aaan river, 119. 
Aaon riTer, 89. 
Attili canal, 11. 



B. 



BalaK>Te>70. 
" pr, 180.. 



I Bank oanal (OodaTeri), 11. 
Bank canal (E^atna), 16. 
Baiika, la^te size of, on Madras 

Co.'s oanal, 83. 
Baree Doab canal, 148. 
Bareilly, 120. 
Bargol canal, 120. 
Bamswali, 166. 
Buntamilly canal, 16. 
Beaa rirer, 129, 118. 
Begari canal, 57. 
Bdl&kurru canal, 11. 
Bellarj, 22. 

Bend^nnrlunka canal, 11. 
Beogal, area to be nltitnatelf 

irrigated in, 87. 
Bengal, irrigation works of, 68. 
Bhatodi tank, 16. 
Bhavulpore canals, 154. 
Bhima, 85. 

Bhognipoor branch canal, 128. 
Bbuttinda branch canal, 168. 
Bijnor canals, 120. 
Biropa rirer, 71. 
Bombay, irrigation works of, 81. 
Boodhee Jumna river, 91. 
Bootana branch canal, 188. 
Brahmanabad, 51. 
Brahminee river, 66. 
BndaiMra canal, 16. 
Bnlnndshuhnr branch oanal, 99. 
Btnidelkbnbd canab, 121. 
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Buxar oan^ 82. 
Bfturnee river, 6t 



0. 



CapitaL account of vorks not 
including native expenditure, 
178. 

Cauvery delta lystem, 17. 

Gawnpore, 99. 

Cawnpore branch canal, 99. 

Chenab river, 129. 

Ohoa branch canal, 163. 

Chunar, 77. 

Chembrambaukiun tank, 19. 

Ohronic caualB, 6. 

ClasBefl of land irrigated by in- 
ondation canals, 55. 

Clasaes of worke in Bombay, 84. 

Cluaification of Madraa irriga- 
tion works, 21. 

Closnfied list of different irri- 
gation works in Madras, 28. 

Coeaoada canal, 14. 

Coc^ur brftncb canal, 168. 

Coleroon, 17. 

Colvins cut, 139. 

Conunanoor canal, 16. 

Commenoement of 
works, 1. 

Comiga canal, 19. 

CoBsye river, 68. 

Coarse of Indian rivers change, 
54. 

Cnddapah, 22. 

Cngger river, 159. 

Cattaok, 66. 



Dams, gradual heightening 
of, 49. 



pnblio 



Dam, latest in the worid of 

its kind, 88. 
Damoodah river, 75. 
I>ecc(ui.40. 
Dehra vaUej, 89. 
I>ehree, 80. 
Delhi, 118, 135. 
Delhi and Ooorgaon izrigatioii 

works, 167. 
Delhi branch canal, 138. 
Deltas;— Cauvery, 18. 

Qodaveri, 11. 

Indus, 52. 

Ei8tDa,15. 

Pennair, 16. 

Btreerigantham, 31. 

Vellore, 20. 
Deobund branch oanal, 106. 
Derajat, 150. 
Dera Qhazi Khan, 154. 
Development of Oriua izrig^ 

tion, slow, 69. 
Discussion on Qanges canal b^ 
twoen Cotton and Caatley, 105. 
Dnn canals, 119. 
Durbar branch canal, 138. 
Duty of wai«r auumed for 8<m» 
canals, 79. 



Eastern Oai^s cans^, 127. 

Eutem Jamna canals, 98. 

Eastern Haru, 58. 

East Indian Irrigation and 
Canal Company, 67. 

East India Irrigation Com- 
pany, 8. 

Eut Lidia Irrigation Compaoy 
contract terminated, 4. 

£kniktuik,46. 

Ellore canal, 14. 

Errors in Oanses canal, lOS. 

Escap^channela of GangM 
canal, 98. 
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Etarwah branoh caoal, 99. 

Esau riTer, 111. 

Expenditure on famine, 7. 

Expanditnre proposed on iiri- 
gadon works in 1869, 5. 

Expenditore to be incnrred in 
fatare on inigation works, 7. 

Expenditure yearly on irriga- 
tion works since 1867, €. 

Extension of irrigation in Orissa 
posmble, 78. 



F. 

Failure of Eaat India Ibrigation 

Company, 78. 
Failure of rainfall in Orissa, 66. 
Ferozpoor, 159. 
Financial position of old works 

difficult, 1. 
Financial results, difficoltiM of 

showing accurate, 178. 
I^ros Shui, 138. 
Forced labour, 65. 
Fordwah, 1££. 
Fordwati canal, £6. 
Fnleli canal, 60. 
Fattehgnrb brancb canal, 99. 



Gaja canal, 60. 
Qanges canal, 95. 
Ganges river, 89. 
Gbaggar river, 154. 
Ohar canal, 56. 
GKma river, 40. 
Qiiri river, 89. 
Cktdaveri canals, 11. 
Gostonnddi canal, 14. 
Chnnd anient, 16. 



Guatanteed compuiMi, 
Gungee nnllah, 82. 
Gam canal, 60. 
Gurmanun canal, 14. 
Gy»,77. 



H. 

Haiderabad, 60. 

Hakra rivw, 156. 

Hauii,50. 

Hanri branch canal, 188. 

Hartala,60. 

Hathmati canal, 47. 

Hathmati river, 47. 

Hindry aijueduct, 88. 

Hindun nver, 118. 

Bissar, 159. 

Hoogly irrigation scheme, 85. 

Huidwar, 89. 

Horriari, 157. 

Husli canal, 148. 



I. 

Indirect revenue, 178. 
Indirect revenue ; Lord Can- 

ning*! opinion, 174. 
Indirect revenue ; Lord Har- 

tington's opinion, 188. 
Indirf<ct revenue not credited to 

works till 1877-78, 188. 
Indirect revanne ; Sir G. Oamp- 

bell't opinion, 176. 
Indna a&d Oheoab inundation 

canals, 163. 
Indus, permanent banks of the, 

54. 
Indus river, 58. 
Injeram canal, 14. 
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Innndatioii, area in Oiim pro- 
tected from, 71. 

Innnd&tion ooiiali, 8, £2. 

Inundation canals, difficnltiei in 
keeping open, 65. 

Innnution canals — originally 
natmal channels, 55. 

Irrigation works no longer a 
cnjftrge c 



Jaoobabod, 58. 
Jamda eanals, 40. 
Jalonnala torrent, 94. 
Jhelam river, 129. 
Jhisjuck branch canal, 123. 
Jliirk,54. 
Jumna riTer, 89. 
Junction canal, 14. 
Jatoor, 80. 



Eabol riTOT, 167. 
Kadally canal, 14. 
Eadwa river, 48. 
Kadn cajial, 56. 
Eailas canal, 120. 
Sakarapomi canal, 14 
Kali, 80. 
Eamal, 189. 
Kao river, 82. 
Katjooree river, 71. 
Eendrapara canal, 71. 
Khadir, 180. 
Khairpor, 166. 
Ehanwah nawi^l , 153. 
Khari river, 48. 



Eiatna delta eanals, 15. 
Eitoha Dliora canal, 120. 
Eole branch canal, 112. 
Eoonder, 81. 
E:otri,54. 

KottaJi branch oanal, 168. 
Xr inhii^ oanal, 41. 
Krishna river, 41. 
Knlpanee nulla, 168. 
Knrromnassa river, 77. 
Knmool, 22. 

Knssore branch canal, 146. 
Kntora nnllah, 152. 
Kutabwah, 156. 



Lahore, 183, 144. 
LahOTe branch canal, 146. 
J«kh oanal, 42. 

Lissar, 159. 
Lockinsnla, 80. 
Loodiana, 169. 
Lower Qanges canal, 121. 
Lower SutUij and Chenab i 
dation canals, 163. 



Mabarikwah, 156. 

Madag tank, 45. 

Madras, irrigation works of, 11. 

Madras Irrigation Company, 8. 

Madras Irr^tion Company, 

oorrespondence on, 24. 
Madras Irrigation Companff 

five seotions of, 80. 
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Madru Imgattoii Company iii' 

oorporated bj Act of Parlj&- 

ment, 22. 
Uadraa Irrigation Oompanj'i 

can&l, locka on, 82. 
Madiaa Inigatioii Company — 

estimated cost of worki, 28. 
Uadzu Irrigation CompanT'i 

proposal to nndertake Uriua 

canals, 67. 
Uadru Irrigation Company, 

receipts of, 27. 
Madras Irrigation Oompanj, 

nnsatiifactoTj results of, 26. 
Madras Irrigation Company, 

working expenses onoe paid, 4. 
Madias irrigation works, 12. 
Maliannddee riTer, 71. 
Main canal (Godareri), 14. 
Main canal (Eistna), 16. 
Main canal (LowerOanges), 128. 
Main eagtem cuial (Sone), 77. 
Main line (Baree Doab). 146. 
Main line (Sirhind), 168. 
Main line (West Jomna oanaU), 

188. 
Main western canal (Sone), 77. 
Hurri tank, 50. 
Masalipatam canal, 16. 
Matehffong canal, 71. 
Medical conunittee; report on 

Oanges canal, 100. 
Meenit, 96. 
Mekhri rirer, 48. 
Midnapore canal, 73. 
Midmi, 167. 
Mihsbnda, 66. 
Uinchinwab, 166. 
Mirza Koondee, 169. 
Mithiow canal, 69. 
MonghfT, 77. 
Muhanunnd Aboo Khan's canal, 

96. 
Mukkunala canal, 10. 
Hnldassi canal, 56. 
Uoltan, 150. 
Muskurra torrent, 94. 
Mnttra rirer, S5. 



Mnttra, 115. 
Mnttra canals, 35. 
Mutti canal, 56. 
Myapore dam, 107. 



N. 



Nabha, 159. 

Namumi junction canal, 16. 

Nora^ar canal, 14. 

Nasik, 48. 

Native works commercially sno- 
cessful, 188. 

Native works, 9, 52. 

Nawabbin channel, 152. 

Nellore, 28. 

Nirampatam canal, 16. 

Hogong torrent, 94. 

Nowmng canal. 56. 

Norora, 121. 

North- West Provinces, area pro- 
tectedin, 88. 

North- West Frovinoes, irriga- 
tion works of, 88. 

Nurwah canal, 56. 

Nnjofgurh Jheels, 14fi. 



Oihat canal, 44. 

Okla, 116. 

Oolooberia, 76. 

Ordinary expenditure, 2, 177. 

Orissa canals, 66, 70. 

Oriisa,65, 
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lUia canalB, 120. 

Paiax anicat ajtteut, 20. 

lUkher canal, 48. 

Faaohbxnah, 74. 

Pallern canal, 16. 

Fhtna,88. 

Patna canal, 88. 

PattamooBdee canal, 71. 

FeUndoT&i anient, 20. 

Fennair anicut Bjstem, 16. 

Perennial canals, B. 

Peahawur Talley, 16?. 

Folra;kodu caiial, 16. 

Poona waterworks, 36. 

Fooree district, 70. 

Prawara rirer, 42. 

Produotire irrigation works, 
statement of profits on, 178. ' 

Fro&t, 5'33 per cent, on aU 
woris, 179. 

Profits, Qeneral IMokens' esti- 
mate of^ratber high, 185. 

Profit on Trorks in operation 
dnring last three jears, 186. 

Profit on irrigation works due 
to seTen schemes, 179. 

Paddle cons, 33. 

Panjab— area protected, 130. 

Poniab canals initiated bj Af- 
ghan rolers, 151. 

Punjab inondation canals, IfiO. 

Pubjabgirrigationworks 0^129. 

Punjab piaism, 129. 

Punjab rivers, fiS. 

Poiaun canal, 60. 

PntraUa rirer, 189. 

Pattiala ; narigable line, 168. 

Pnttiala, 159. 

Pnttri torrent, 106. 



a. 



Rainfall, 10. 

Rainfall, certainty of in Lower 
Bengal, 63. 

Baipoor torrent, 94. 

Baipur, 93. 

Rajoli, 30. 

Bungunga rivers, 127. 

Banipore torrent, 108. 

Baree rirer, 143. 

Baree, over-estimate of volume 
of the, 146. 

Bavee river, 129. 

Reprodoctire irrigation works 
not the only important ones, 
22. 

Reproductive works, 2. 

Reproductive works in Ma- 
dras, 2. 

Reproductive works on loans, 5. 

Results of irrigation in Bengal, 
north-west of Punjab, 182. 

Bewari canal, 45. 

Bind river. 111. 

Bohilkund canal, 120. 

Bohtuck branch canal, 136. 

Boopnar&in river, 74. 

Boopur, 159. 

Boorkee, 107. 

Batmoo torrent, 108. 



Sadikwih, 166. 
Sahazinpcse, 94. 
Sakhar, 54. 

Sakhaz of Shaliadadpnr eaaalf 
61. 
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, SftUrmati riTer, 47. 

Saaad of Akbor, 133. 

&uikra river, 155. 

Bamulcotta canal, 14. 

Barasirati river, 154. 

Sarun irrigation echeme, 85. 

Saaserani, 77, 

Seerkeean escape, 148. 

Sehvan, 56. 

Select Cominittee on Indian 
Public Works, 172. 

Se^iiKoor river, 111, 

SewaHc hills, 89. 

Sheend, 159. 

Shol&pnr, 46. 

Sikh Boldien, Boree Doab oan&l 
for, 144 

Silt, carried b7 the Indas, 53. 

Silt^ clearance of in Sind canals, 
55, 61. 

Sina river, 49. 

Bind canal, 55. 

Sind; existence of people de- 
pendent on canals, 52. 

Sind, irrigation, works of, 52. 

Sirhind canal ; agreement with 
Dative states, 169. 

Sirhind canals; area affected, 
162. 

Sirhind canal ; most modem of 
large systems, 63. 

Sobraon branch canal, 146. 

Soha^ canal, 152. 

Solani aqueduct, 110. 

Solani river, 110. 

Somb river, 134. 

Sooe canals ; rapid spread of 
irrigation, 65. 

Sone canals, 75. 

Sone river, 81. 

Song river, 89. 

Sooawa river, 89. 

Statute labour, for silt clear- 
ance, 61. 

Storage reservoir near Poona, 
87. 

Streeiigantham anicat lystem, 
21. 



Snltanwah, 156. 

Sunkesala, 23. 

Surrender of works by East In- 
dia Irrigation Company, 69. 

SuBwa river, 119. 

Sutlej river, 129. g. 

Swamps caused by bad drain- 
age, 141. 

Swat river canal, 167. 



Taldunda canal, 71. 
Tamrapumi river, 21. 
Tanjore, 17. 
Thar canal, 60. 
Tidal canal, 75. 

Time necessary for the develop- 
ment of irrigation, 181. 
Tinnevelly, 21. 
Tonse river, 77, 89. 
Toombudra, 23. 
Tre wanna, 155. 
Tunnels of Muttra canala, 89. 



Ubobur branch canal, 163. 

Undi canal, 14. 

tTnremunerative works, irriga- 
gation works unjustlr con- 
demned as, 187. 

Upper anicut, 17. 

Ilpper Sutlej inundation canals, 
150. 

TJtongon river, 118. 
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V. 



Tahind, lfi«. 
Tahu escRpe, 148. 
Tellar river, 20. 
Vellore, 20. 
TelloTe delta works, 2< 
Tennar river, 18. 
Tenkldah canal, 14. 
TUsa main canal, 14. 



w. 



Wadftli canal, 44. 
Wang rirer, 50. 



Waste due to bad alignment, 
140. 

Water commnnicatioii from 
North India to Baj of Ben- 
gal, 164 

Water, vaate of, 140. 

Weir at Okla, first built actnallj 
on river-bed, 117. 

Western Jumna canals, 131. 

Western Jumna canal, chron- 
ology of, 135. 

Western Nsmt canal, 56. 

WorBs not in operation, capital 
invested in, 185. 



T. 



I Tnsafsai, 167. 
I Yerla canal, 45. 
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